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THE ANJTUAJL REPORT OF THE BOARD OF REGENTS OF THE 
INSTITUTION FOR THE TEAR ENDING JUNE 30 , 1 S 19 , 


Smithsonian I nstitution, 
Washington, StpUmbtr ~-U I&20- 


To the 6 mujrezs of the United States: 

In accordance with section «fft3 of tlw Eovised Statutes of the 
United States, I have the honor, in behalf of the Board of Regents, 
to submit to Congress the annual report of the operations, expendi¬ 
tures, and condition of the Smithsonian Institution for the year end¬ 
ing June 30,191®- I hate the honor to be, 

Very respectfully, your obedient servant, 


W. nr C. Eayexil, 

Acting Secretary, 
in 
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REPORT 


OF THE 

SECRETARY OF THE SMITHSONIAN INSTITUTION 

Charles D, Walcott, 

FOR THE YEAR ENDING JUNE JO, 1919 

To the Board of Regent* of the Smithsonian Institution, 

Gentlemen : I have the honor to submit herewith nn annual report 
on the activities and condition of the Smithsonian Institution and its 
brandies during the year ending June 30,1019. The activities of the 
Institution proper are reviewed in the first part of the report, together 
with a brief summary of the affairs of each oi the several branches. 
In the appendices will be found more detailed accounts of the work 
of the National Museum., the Bureau of American Ethnology, tho 
International Exchange -Service, the National Zoological Park, the 
Astrophysics! Observatory, tho Smithsonian Library, die Inter¬ 
national Catalogue of Scientific Literature, and an account of the 
publications of the Institution and its brandies* The reports of the 
Museum and Bureau of Ethnology are published in greater detail 
in separate volumes. 

THE SMITHSONIAN INSTITUTION. 

THE ESTABLISHMENT 

The Smithsonian Institution was created by act of Congress, m 
184G, according to the terms of the will of James Smithson, of Eng¬ 
land. who in 1826 bequeathed his property to the United States of 
America (4 to found at Washington, under the name of the Smith¬ 
sonian Institution, an establishment for the increase and diffusion 
of knowledge among men. 1 ' In receiving the property and acccept- 
ing the trust Congress determined that the Federal Government 
was without authority to administer the trust directly, and therefore 
constituted an K establishment,” whose statutory members are “ the 
President, the Vice President, the Chief Justice, and the heads of the 
executive departments/ 1 

THE BOARD OF REGENTS. 

The business of the Institution is conducted by a Board of Regents 
composed of H the Vice President, the Chief Justice of the United 
States* and three Members of the Senate, and three Members of the 

1 
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House of Representatives^ together with sis other persons other than 
Members of Congress, two of whom ahull Is* resident in the city of 
Washington and the other four shall be inhabitants of some State, 
but no two of them of the same State,” The regents elect one of 
their number as chancellor* usually the Chief Justice* who is the pre¬ 
siding officer of the board, and elect a suitable person as secretary of 
the Institution, who is also secretary of the board and the executive 
officer and director of the Institution^ activities. 

The changes in personnel of the board during the year were the 
appointment of George Gray, citizen of Delaware, to succeed him¬ 
self; the appointment of Robert S. Brookings* citizen of Missouri, 
to (ill the vacancy caused by the death of Charles W. Fairbanks, Thu 
roll of regents on June £0, ItflD, was as follows: Edward D. White, 
Chief Justice of the United States, chancellor; Thomas R* Marshall, 
Vice President of the United States; Henry Cabot Lodge, Member of 
the Senate; Charles S. Thomas, Member of the Senate: Scott Ferris, 
Member of the House of Representatives; Lemuel I\ Padgett. Mem¬ 
ber of the House of Representatives; Frank L. Greene, Meffllwr of the 
House of Representatives: Alexander Graham Bell, citizen of Wash"* 
ington* XL C.; George Gray, citizen of Delaware; Charles F. Choate, 
Jr-, citizen of Massachusetts; John B, Hender&m* citizen of Washing* 
ton, t>. C.: Henry White* cittaen of Maryland; and Robert S* Brook¬ 
ings* citizen of MaseourL 

The board held its annual meeting on December 15 t 1018. The 
proaeedinjp of timt meeting* as also the annual financial report of 
the executive committee, have been printed* ns usual, for the use of 
the regents, while such important matters acted upon as arc of public 
interest arc reviewed under appropriate heads in the report of the 
secretary. A detailed statement of disbursements from the Govern¬ 
ment appropriations under the direction of the Institution for the 
maintenance of the National Museum* the National Zoological Park* 
and other branches will be submitted to Congress by the secretary in 
the usual manner in compliance with the law. 

tt&NHfltAI* CONSIDERATIONS. 

In addition to the usual activities and routine duties, the scientific 
staff of the Institution continued, until the day of the signing of 
the armistice, to assist the Government in every' way i>ossible toward 
the successful prosecution of the war* The Museum staff were in 
constant touch with Army and Nan officials, furnishing much tech¬ 
nical information, and the staff of the Astrophyrieal Observatory con¬ 
ducted numerous valuable researches, Mr. L. R, Aldrich, of the ob¬ 
servatory* ™med out successful experiments on the pressure exerted 
by the wind upon projectiles, at the request of thy Coast Artillery 
Station at Fortress Monroe. Assistant Secretary Abbot imd Mr 
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Aldrich together worked on the problemi of searchlights for Army 
use, and, after numerous experiments, they wore able to improve the 
existing searchlights, both by diminution of size and increase in light¬ 
ing power* The new form of searchlight was constructed and used in 
France several months before the close of hostilities. 

At the Lime of the signing of the armistice several valuable devices 
worn being perfected by Pr, Abbot and the observatory staff, among 
them a roooiHess gun devised by Dr. R. TL Goddard, of Clark College, 
which was a development of work being done by him for the Insti¬ 
tution on a multiple-charge rocket intended to reach great heights for 
meteorological observations; an instrument for determining geo¬ 
graphical positions from nn airplane or u ship at sea without refer¬ 
ence to landmarks, whether celestial or terrestrial; and a rotating 
projectile constructed on the turbine principle to be fired from a 
smoothbore gun. which would have been specially valuable for use in 
trench mortars. 

On December 16,1913, Dr. C. Cu Abbot, Director of the Astrophysb 
e&l Observatory, was appointed assistant secretary of the Institution 
to fill the vacancy caused by the death of Dr. F. W. True some years 
ago. In addition to his administrative duties in connection with the 
Institution, Dr. Abbot will be in charge of the Smithsonian Library, 
the International Exchange Service, and tho Astrophysieal Obser¬ 
vatory. 

The work of the National Research Council, of which your secre¬ 
tary was first vice chair man, was continued under the war organ i- 
nation during the first part of the year. After the signing of 
the armistice every effort was concentrated on the organization of 
the council upon a peace basis, and this was accomplished very suc¬ 
cessfully before the close of the year under a definite plan in accord¬ 
ance with an Executive order from the President of the United 
States requesting the National Academy of Sciences to perpetuate 
the National Research Council. 

The secretary' of the Institution was also chairman of the executive 
committee of the national advisory committee for aeronautics, which 
performed work of great value to the Government on airplane pro¬ 
duction and improvements. 

An important peace-time event was the organizing just before the 
close of the year of an extensive exploring expedition to the heart 
of Africa. The material collected will come to the Institution to 
be used for purposes of comparison in working up the results of 
various expeditions to the Dark Continent by Cob Roosevelt, Paul 
Rainey, and others, 

ffaputfo—An important bequest was made to the Institution dur¬ 
ing the year by Mrs. Virginia Purely Bacon, of New York, which 
will do much toward extending our knowledge of the fauna of the 
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world. Tlmt portion ol Mrs. Bacon's will relating to the Institution 
rends as follows: 

if) To Smithsonian Institute the aumiif fifty thou Band doDars (^OgDOO). tube 
used Id ostab fishing q trove! Lug sebutarshlp, to bo uulk^.i the Waller llutbbona 
Knwn SchoIiiTshlp for ihe study of the fauna of countries other than the 
United Steles of America; the Incumbents to bo dntfnmted by entd Institute 
under »uch regain tlnna us It mny from lirno to time prescribe and to hoM 
such scboijtrshh 1 ?* not less than two years, ami while bolding such scholarship 
to conduct for said Institute I a vest! ga Huns In the fauna of other caubtrlea 
under the direction of raid Inst Mu to, 

Tho terms of the will had not been executed at the close of the 
year. 

FINANCES. 


The invested funds of the Institution are as follows: 

Deposited la the Trauiny of the United Staten under authority 

of Congress_,_____,___ 11,000,000,00 

COTfSOTJhiTCP ruEJU. 

Brooklyn Hciptd Transit 5 ncr cent notes, due July 1 P lOlfl—— 3, *52$. 44 

American Telephone A Telegraph Co. 4 per cent collateral trust 

bonds* due July 1 T 1920....-.—- 15 P OBft 00 

Province of Manitoba 5 per cent gold debenture due Apr. 1,1S22_ i, 935 h 00 

West Shore Ball road Co. guaranteed 4 per cent first moriapige 

bauds* due Jan. 1. --—-- 37,275100 

Cleveland Eiocurte Iflttndaaang Go, first morigftgc 5 p®r cent 

gold tsends, dm jm -^y I ———.—-—- 5,070, 00 

United Stated first Liberty loan—-—-—-™ 200,00 

United States Bemad Liberty lean---—-—____ 100.00 

United States third liberty loan-——---. 1®, 15a 00 

United States fourth Liberty 1oati™™_- M .__ 50.00 

United States war-savings stamps, unties of 1QLS_. 100.00 

Adjustments — -—--—™-__ ——- 103, 94 


Tnul-—— -—--- —m9B 1* 074* 104. AS 


The sum invested lor each specific fund and the manner In which 
the several investments were made h given in the following state¬ 
ment: 



UiUtM Stain 

! rauqt]- 
Faad. 

Ttf*L 

Snastb&pn hind. . .. r .. . 

b ttt.mo na 

2, an.ro 

ll^ffnoo 
] 00, ftfl. ny 

p'.kj ,-rfi 

!7SM3fc« 

BbEmUeou!.-,--.... ..... 


Ricrn.ll Eon filfiU 


5oq m 

fgnw^i iuRlt - ■ ■ ■ . ..... .. . . 

37,271.™ 

74.00 

2, SCO. DO 
153.375 m 

iflC.Cfio m 

HrijUM fiind. .. , - T ......... ,. T ..... . „ . . 

TillwFigful .... ......._ _ _ __ _ _ .. ... 

Jl?»y fiiwL ... r - - ■** -„.„.............. m „ 

wiiu. qn* 

i j ™ in 

«*« 

AddmflT- flflUJ.futtll...■ r. ■■K.jn>ii,ti.. r . TTTT ,,,,. 

LucyT. uid Omy-P W. Foot* fund. ... 

tip ImJi l^P 

ii.pcci.rj) 

5n htti Art 

H, Sil. -45 
M«.fl> 

I , 11 a™ 

3S*IQLA5 

Cr&nfgi EL SBttlanl fund...... .. . 

^*ip Dial up 

1,(00,00 

£ r m» 

OlBIQ.biffBta-tl2R4 . + + H MM, 

H2 DO 

1,342 00 

Braft fl i nfbu fm.d.... ■■■.. ■ *■ -■ ■ ■......... .., 


tu. Boo. -oe 

10, 000 00 


7 , 337 . ai 

7,137.10 


i,dn j rpv.'m 
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The Brooklyn Rapid Transit Co. was placed in the hands of re¬ 
ceivers on July 1, IMS. 

Fur the $5,|000 in 5 per cent gold notes which failed of redemp¬ 
tion on the above date, $1*500 was subsequently paid to the Insti¬ 
tution in cash and the balance of $3,500 is held by the receivers 
pending final adjustment. 

A single piece of real estate l^equeathed to the Institution by the 
late Robert Stanton Avery, and located in the District of Columbia, 
320 A Street SE., was sold and tlic sum of $3,046.50 was realized 
therefrom. Several lots of unimproved land located near Lowell, 
Mass., and forming a part of tiro bequest known as the Lucy T. 
and George W, Poore fond, were also sold and the sum of $520.50 
was realized, making a total of $3,567 derived from the sale of real 
estate during the year. 

Income not required for current expenditures continues to be 
placed with local banks on time deposit; the interest so earned dur¬ 
ing the year amounted to $1,043,10. 

The income of the institution during the year, b mounting to $144,- 
100.53, was derived ns follows: Interest on jwmanent investments 
nnd other sources, $64,466.94; repayments, rentals, publications, etc., 
$34,733.33; contributions from Virions sources for specific purpose*, 
$26,343.26; bills receivable, $15,000; proceeds from sale of real estate, 

$3,567. . . 

Adding the cafih hnlimcG of $i;25tl.90 on July 1, U18* the total 

resources for tho year amounted to $145,390.'13. 

Mr. B. H. Swales, honorary custodian, section of birds' eggs, lias 
contributed $300 to the Institution for the purchase of specimens. 

The disbursements which are described in the annual report of 
the executive committee amounted to $143£67.65, leaving a balance, 
on deposit with the Treasurer of the United States, in cash, and in 
bank, of $2,122.78. 

The Institution was charged by Congress with the disbursement 
of the following appropriations for the year ending June 30, 1910; 

Interna tlftnnl tixch unscs^ - ———-——- ——““—~ “ 1 

Aiii^r! ran et JmoIflgT—-— - -—— -—— J ■ ■"—-- 

International catalogue of scientific Uternttire--—- 

Astpophyslctil uUKtivnUfT——t— -. , ■ ----‘"“™' 

National Museum---—-— ■ —“——- 

Furniture find JfcrtHM*--- . "V : — . , -— 

Heating and -———- - —— 

Pneserrat I ora of coltrttlwiB — --*-———“■ 

Building repaira-^———— ---“——-- 

Books —..——■--—-————— —■" 

Nation at Zooloffriil Pftrfc--——-—-— 

Increase of compenstitlon indefinite) — -- — 1 —- 


12573’—21- 2 


m* 

42,000 

7.500 

13,000 

15*000 

55,000 

300,000 

10,000 

2jm 

500 

115,000 
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In addition to the above t there was included under the gene nil 
appropriation for printing and binding an allotment of $16*200* to 
cover the o04ft oi printing and binding the Smithsonian annual re¬ 
port and reports and misceUnncous printing for the Government 
branches of the Institution* 


RESEARCHES AND EXPLORATIONS, 

Tile institution every year sends out or cooperates In expeditions 
to various parts of the world for the purpose of gathering all the 
information possible on the inhabitants, the fauna and flora, and 
other features of little-known regions, and thus carries out one of its 
primary objecU—the increase of knowledge." While the war con¬ 
ditions prevailing during the first half of the year blocked certain 
project^ several expeditions of importance to science were under¬ 
taken, and a few of these are briefly summarized here. The annual 
Exploration Pamphlet issued by the institution and die reports of 
the various branches describe these and other researches more in 
detail. 

tfEftLDr.trAt* EXPLORATIONS IN TUT. CANADIAN ROCKIES, 


The geological explorations which have been conducted in tho 
(.ftiiftdifin Ihjclcies by your secretary for a mi nih ^r q-£ years wore con¬ 
tinue during the summer season nf 1910, chiefly for the purpose of 
determining the geological structure of the upper Bow Valley north 
of Lake Louise. Alberta, and also at the headwaters of the Cascade 
River, at Sawback Lake. Another aim of the investigation was to 
locate any possible occurrences of unusual beds of fossils in the 
regions visited. 


Leaving the Canadian Pacific Railway at Lake Louise Station, the 
Bow Valley extends to the northwest parallel to tho Continental 
Divide, which forms its southwestern side. Bow Lake at the head 
of the valley is a beautiful sheet of water hammed in by bald moun- 
min slopes and cliffs on the west and north and by the mass of Mount 
Molar on the east. From the west numerous glaciers drain into tho 
lake. The first one encountered is Crowfoot, which flows from the 
great Wanputek snow field along the Continental Divide 
Bow Pass, 4 miles north of the head of Bow Lake, has been eroded 
by glacial action into a broad, park-like area, so that the po¬ 
orer into the valley of the Mistaya River of the Saskatchewan River 
drainage is scarcely realized until steep dopes indicate the aunJ.T 
.o^ml Luke Pevto. Thin Wife) life, 5ft " ,w K! 
drums into the Mislay. Hirer. The bold escarpment on the ll’ 
side of the U. is continued to the north down the Mfeaya Hi rertl 
tho Saskatchewan. Sereml .acta™ were “ 
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which w«re found to he simil ar to tile section at the head of Bow 
Lake, 

Tin? broad canyon valleys that unite the headwaters of the Sas¬ 
katchewan Eiver are all carved by erosion out of the same type of 
Cumbrian rocks as those exposed in the vicinity of Bow Lake, and 
also in the Bow Valley south of Lake Louise Station, 

At the close of the season a fine pair of mountain sheep, a black 
Lear, one mule deer, a mountain goat, and a wolverine were collected, 
the skins and skulls being shipped to the National Museum. 

GEOLOGICAJ, WORK IN THE MIDDLE ATLANTIC STATES. 

During the field season of 1018 the members of the geological staff 
were chiefly occupied in collecting material for the museum exhibi¬ 
tion series, most of the work being done in Virginia, Maryland, New 
Jersey, Pennsylvania, and New York. Sufficient material illustrat¬ 
ing the weathering and decay of rocks was obtained by Dr. J. C. 
Martin, assistant curator of geology, United States National 
Museum, to make up 100 seta for distribution to those agricultural 
and other colleges which giro instruction in rock weathering and 
soil formation. Dr. Martin also visited several localities in Penn¬ 
sylvania, New Jersey, and New Tork for the purpose of filling cer¬ 
tain gaps in the ofts and rock collections. 

In continuance of the search begun in recent years for largo ex¬ 
hibition museum specimens to illustrate the various phases of struc¬ 
tural geology and stratigraphic paleontology, J>r&. Basder and 
Uesser, of the division of paleontology, report ns follows: 

Field work was began with an larreilgatlon of the Cretaceous rocks of west¬ 
ern Now Jersey, where the prime object was to secure suitable exhibits of such 
economically important rocks of organic origin us glauconite, i»r greensand, 
and calcareous marl. Tie green-sand urea In the vldiiltj of i Inceoiown, N. J., 
afforded the best result* In fossil and reck specimens tor both study and exhibi¬ 
tion. The very Incoherent greensand could not he obtained In masses of a size 
suitable tor exhibition, hut by use of shellac u large piece was hardened suf- 
Gdently to be shipped to Washington without breakage. In the mart pits 
unusually well-preserved fossils were found scattered through an unconsoli¬ 
dated sand formation. Here specimens abound literally by the millions, and 
large numbers were collected by passing Gann titles of the sand through a Bne- 
meshed sieve, the residue tn this process usually consisting of nothing but well- 
preferred fossils. 

They then proceeded to the t-aacaster \ alley gI Pwuwyltfcnlii, wbsro tncj 
were fortunate enough to recure intact a Inrge mass of finely banded, crinkled 
limestone. This Illustrates, on n small scale, the folding to which the earth’s 
crust has been subjected, and forms a much-needed nddltlon to the exhibits. 

On the cast front of the Allegheny Mountains Dr- Raster obtained exhibition 
specimens Illustrating faulting and Its accompanying phenomena. In western 
Maryland a fault passes through a Silurian conglomerate composed of small, 
rounded pebbles of pure white quartz, forming an iptereatlng educational ob¬ 
ject, and along the fault zone the conglomerate has bees broken into angular 
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fnuanonts :m>| tecemenied luEctlwr into n hnrrt rock. In one hoi* this re- 
cementation hud been cawed by silica nmt In another by Imn ore, I-arse ex- 
omiilca of bo Lb kinds of this fault breccia wen; collected I'htilogrnphs of these 
specimens In site were secured on ■ tint explanatory exhibition labels hid bo 
Illustrated. 


THE COLLINS-GAflNFJT FRENCH CONGO EXPEDITION. 


In December, 191C, mi expedition known as tho “ Colims-Oftirmr 
Expedition in the interests of the Smithsonian Institution n sailed 
from New York for Bordeaux and from there to Africa, with tho 
object of procuring a general collection of vertebrates and especially 
the great apes, Tho expedition encountered many difficulties and 
delays owing to tho war, but by the summer of 1918 they had estab¬ 
lished permanent headquarters near Feroan Vaz, French Congo, 
A letter from Mr. R. L, Gamer, who has the general management 
of the expedition, states m part: 


Our domicile la located ou tlif edge of n vast plain, traversal here and there 
by belts and tpurn of forest. In tliowc plots of bush live great □ ambers af 
chimpanzee*, and far the llrst time In my loag experience aiu-jug them I lum- 
seen whole families of them oat on the open plain. Frequently they t T oss the 
plnln from one belt of bush la number, In some places a mile or w la width 
and not a tree Or bush Id Hint distance te shelter them from attack They 
often come within 200 to 300 yards of my house and sometimes manifest deep 
Interest In trying to Hint out what this atir thing te set Up In their midst I 
have seen as many us four or live different group* of them in the same dev 
ami one of these contained II members. 

Mr, Aschemeler has collected well on to 2.000 specimen*, and nearly all of 
,h*m ho has killed with his own gun. Seme of these specimens o« e£*Z 
imriy rare and valuable. When you recall tho fact that he came ns taxi- 
derml.«t of the expedition and not os chasseur, he was not expected to provide 
lin* ^hkImds that he web to preserve* 

We hare forwarded she consignments of specimen* to the Museum and have 
a seventh well on the way; but we find great difficulty In getting the E[Wmor , 
to take them from Pert Gentll (Csr- Uopex), because they are nil ,*! 

direction of the French military authorities. Two of oar lout shlnmimh, -™! 
still at Port Gentll but month, where one of them has been ] yl L 
January and all steamers declined to take it. Once both sh] rinse,, 
taken aboard the steamer and bill of lading signal when the « D L in 
hla mind and sent the whole lot brick on shore, with the »«dmul«L 
of 40 francs tor embarkation and debarkation. ™ nufl “ a ch * r S' 33 

We Iwvc sent 12 nr 13 specimens of buffalo, severe! specimens end „/ 

antelope, ami two or three Hue specimens of tho “red river 
large ooUecttoa of monkeyA, representing six or seven specie, n{ w* JT “ 
various aces, l think In all wi< have sent over isno nn tn thi ®f iea ancl 
retiree, this Include birds, etc., not Insects, and w^are & W 


nimibcr. 


on hnnii ji emuNj 


War conditions seriously interfered with the 
material collected, but later on a large number of 
mens were received by the Museum. 


shipment of the 
interesting sped- 
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THE SMITHSONIAN AFRICAN EXPEDITION. 

Shortly before the close of the fiscal year ft collecting expedition 
to Africa was organized, to be known as the Smithsonian African 
Expedition, under the direction of Edmund Heller, in conjunction 
with the Universal Film Manufacturing Co, The expedition sailed 
from this country ft few days after the close of the year for Cape 
Town, Africa, from which city arrangements were to bo made for 
the plunge into the interior of the continent. The expedition is to 
collect animals, plants, and other material for uses of comparison 
in working up the collections made in Africa by Col. Theodore 
Roosevelt, Paul Rainey, and others, already in the National Museum. 
Representatives of the Universal Film Manufacturing Co. accom¬ 
panied the expedition to make extensive motion pictures of life in 
the mysterious interior. The expedition will explore the jungles, 
deserts, lakes, and rivers and will be out at least a year. 

Exploration is contemplated in various parts of the Cape region, 
the great Victoria Falls of the Zambesi River, and western Rho¬ 
desia. From there the expedition will cross to the sources of tho 
Congo in Belgian Congo, then turn east toward Lake Tanganjika, 
following, to some extent, the trails of Livingston and Stanley in 
this region. From the town of Ujij), on the eastern shore of the 
lake, tho temporary headquarters of the expedition, excursions will 
be made into the former German East Africa and the Uganda Pro¬ 
tectorate, especially the Ryvenssori Mountain region. 

The primary purpose of the expedition is to secure additional 
specimens of plants and animals, chiefly from the interior and from 
South Africa, in which the Museum is rather deficient. These will 
prove a welcome supplement to the magnificent collections brought 
home by Col, Theodore Roosevelt and others and on which mono¬ 
graphic reports aro desired, hut which can not be worked up intelli¬ 
gent Iv and satisfactorily until more material is obtained. The 
experienced collectors, Mr. H. G Raven, representing the institu¬ 
tion, and Ur. H. L. Sbantz, of the Department tif Agriculture, will 
undoubtedly send back to this country much material of value con¬ 
cerning the little-known parts of the “Dark Continent” which have 
puzzled scientists and laymen for a long time, 

botanical explorations in ecuadob. 

As a part of a cooperative plan for an investigation of the flora 
of northern South America, organized by the United States National 
Museum, the New York Botanical Garden, and the Gray Herbarium, 
Dr. J, X, Rose, associate curator in the division of plants of the 
Museum, spent three months making botanical collections in Ecuador. 
A large quantity of desired material, including ti,QO0 botanical speci- 
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meiia, 100 jars of fruit seeds ami plant products preserved in 
formalin, a number of wood specimens, and samples of bark, was 
collected. It is expected that this and other proposed botanical 
researches in this region will be of much value to the agricultural 
and horticultural interests in this country. 

In the course of Dr. Rose’s work in Ecuador two sections were 
made of the coast across the western range of the Andes to the 
interior Andean Valley; one in the south from Santa Rosa to Loja, 
and the other near the center of the country from Guayaquil to 
Riobumba. A longitudinal section was made down the Andean 
Valley from San Antonio to Loja. This lust section was over the 
route followed by Alexander von Humboldt at the beginning of 
the eighteenth century. Many of the plants collected by him on this 
men in ruble journey were re-collected. 

CINCHONA botanical station. 

TVith Ike consent of the governor of Jamaica the three-years’ lease 
of the Cinchona Rota ideal Station, held by the institution, was can¬ 
celed during the jx-riod of the war, as it was found Impracticable to 
undertake any botanical research there during the unsettled condi¬ 
tions prevailing. The lease was terminated, however, with tba hope 
tlmt it could be taken up again with the return of normal conditions, 
and « few days after the close of the fiscal year a letter was received 
from Prof, Duncan S. Johnson, chairman of the committee of sub¬ 
scribers to the maintenance of the station, at that time in Jamaica, 
staling that he had begun negotiations with the Government to 
renew the lease, beginning January, 1920. 

AKTHHOrOUXUCAL WORK IN J'F.KU AND BOLIVIA. 

Mr. Philip A. Means, honorary collaborator in American arche¬ 
ology, United States National Museum, spent fOuic months during 
the year in archeological work in Peru and Roll via. The region 
around Lima, according to Mr. Means, is undoubtedly One of the 
richest in South America from the archeological standpoint. After 
visiting a number of the ancient ruins in this section, considerable 
time was spent in examining the archeological collections of several 
South American scientists. In an account of his work, Mr. Moans 
says: 

Two of the leniit known plucks via!ted were JJaninga and J'ando, Thev are 
very ctiise together, and nre about 8 mites northwest of Lima, in its prime, 
Maranga hud four flue temtees, with a upadom tt>rrcp!cLn at the top, At tin? 
tHiitom the pyramid Is about tfO fwt square and the summit terrepleia is about 
!i50 feet by Sf-0. The material of eoaatrteUoo is adobe, Tills pyrami d la prob¬ 
ably of Incu eoMtrttcUaii; n I* much llhe ihe [ncn-Luilt Tcmtilc of the Sail at 
I'achfuiiuuic and lui.- yielded ninny lacii artifacts 

Lying wmcwhflt north and northwest of Martmga are iho nil™ af pando 
Thf^ cover an Immens e amount of ground, and comdst of seveml pyramids 
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even larger than Mnrtmcu. but not so well preserv'd. The old city ut tills place 
was inclosed in a massive wall, with easHr defended gaLowuya, These hitter 
were narrow, and, ut either aide, snftlt in the thickness of the wall, there was ft 
miaod platform or niche where possibly a Eua«l could stand and effectually 

At the western side of Panda there are the remains of a One, though small, 
jKiluee or temple. Although It Li only ft bout *5 tel square, this 111 tie building 
Is iriiuirlmble on account of the utt rue tire arabesque pat terns made In the stucco 
coating of the walls. The western end of the iiiilLu room was provided with u 
platform, ralst-d some 3 feet nhovo the mst of the floor, Behind this there Was 
u p i'a»(i g ,» which led to oilier apurtmenis. It Is not now possible to knew 
exactly what sort of roof there was, for the wind him eroded the tops of the 
walls and signs of roof beams or Joists two no longer visible. 


THE PROPOSED ROOSEVELT MEMORIAL, 


On January $9,1919, a bill was introduced in the House of "Repre¬ 
sentatives by Congressman F, C, Kicks, providing for the erection of 
a museum of history and of the arts as a memorial to Theodore 
Roosevelt. It was intended that the proposed museum would contain 
the extensive collections already in the National Museum of relics 
and mementoes of illustrious patriots of our country and of the 
events conspicuous in its history. The bill provides that the building 
should be planned and erected under the direction of the I,egents of 
the Smithsonian Institution, and, when completed, would be admin¬ 
istered by them. The site selected is the north side of tho Mall, on a 
line with the present beautiful structure of the Natural ITistory 


Building of tho National Museum* 

The memorial museum would contain also collections relating lo 
arts and industries, including the great divisions of mechanical and 
mineral technology, such as objects and models illustrating the devel¬ 
opment of the electric telegraph and telephone; the phonograph; 
transportation by land, water, and air; musical instruments, from 
primitive to present forms; printing, illustrating, and bookmakmg; 
photography, from the earliest invention to the modern moving-pic¬ 
ture apparatus; ores and minerals, their natural occurrence, proxies 
of extraction and manufacture, from the native state to the finished 
product; textiles; drugs; foods; and animal and ratable products. 

Provision would also be made for the present National Gallery of 
Art, in the development of which President Roosevelt took an active 
and timely interest The collections of the National Gallery now 
approximate $1,000,000 in value, and would grow more rapidly if 

adequate installation were insured. -it 

In my letter to Congressman Hicks regarding the memorial, I 

stated, in part, as follows; 

The proposed museum would not be a dead memorial, bet a virile I Ivins 

tribute te Roosevelt that far op* would serve » «* ^ 

Classes of Americans. Its educational value wnuld be sroml to the etlM, tlm 
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youth* and tun lure men mn! wcmefi* It wrtnlfl atlmulnte the IiJKinrhin, artM, 
fetfguw. manufacturer, and artlHin* and br3n ft to the American pronlu sn 
■hv most raoliatit itmiuier the extent ami elmructei of their MirtorlcnJ and 1 p- 
dustrfal dcv^lupiuc!iif v tjnd place side by es!■ Swith llu* American ruuny of (In* 
d^ToropmcD^ Jci art und alienee of other tfuid^L 1 con not conceive of a inure 
powerful lmlu^nv for good that could lake the form of u memorial lo 
ItoosoveiL 

We have the grt*at mouoment to Washington* the urecit Eaamolmnn to linivia, 
xiuiS if on the BJinic great porkway between Lho Capitol nod ibc SViTmjjllu* thin 
tribute ta HuoscycIi could be erected It would bo a tribute worthy of what he 
hlmiMf stood for iu the life nad thought of our country. 

The bill providing for this memorial to Theodore Roosevelt wns 
not brought up before the Congress for action during the ses^Hon, 
at which it was introduced, but it wus reintroduced on May 21, H)I9* 
during the first session of the Sixty-sixth Congress, and at the dose 
of the fiscal year was still in committee. 

heseaiscu cohpohatiox. 


The Research Corporation* mentioned in several previous reports* 
is the outgrowth of the gift to the Smithsonian Institution by Dr. 
F. tip Cottrell of \m patents covering the electrical precipitation of 
suspended particles. 

The process is now in successful operation in a number of smelting 
and refining plants in which the precipitation of fumes is an impor¬ 
tant item. From the income of these applications there was estab¬ 
lished a fellowship, amounting to $2,500 each year, for research 
along technical lines. 

pofhlaie mmtmwic lecture. 


In furthering one of the purposes of the Institution, Hhe diffu¬ 
sion of knowledge” a series of popular scientific lectures, Illustrated 
by lantern slides* was instituted during the year, and given in the 
auditorium of the National History Building of the Museum* These 
lectures were open to the public and were all well attended* showing 
the interest of the people of Washington in scientific matters. Eight 
lectures were given in the scries, on alternate Saturday afternoons 
as follows % 


h rhPtogruphlnjj In the Canadian RocfcJea, by Charts d. Walcott 

2. Hun Kaye In Many Laud*, by CL Q + Abbot. 

3. The Indian aa u Stone Ma_sion P by J. Walter Fewfccs. 

4. Meteorites and Shooting Sturn. by G^rge r h Merrill 

6. Tlu? Story of Our IjjoiJ Aboritftifs, Historic jmd PndiLrtorlc with 

■ttwHotm of Tlhrlr Instrument Making, by WlUliua n Ualmiw ^ 

11 Rinrifnl u.,d lMditl limits, nnd |[r JW the National Mainain jr-Iiv, It 
Their Study, by L. O. Howard. ln 

7. The m **y of Silk, by Frederick J im L^wt^n. 

a Why ih* WUd *W« ^ Wild, by Frederick V. CovLile. 

It is intended to Cttrtimw thcr* lectun* during the coming )aar . 
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CONGRESS OF AMERICANISTS. 

The twentieth international congress of AmcrU'tUiUts which was 
to have been held at Rio dc Janeiro in Juno, 1919, was postponed 
until the Following yew, when more favorable conditions tuny he 
expected, 

PUBLICATIONS. 


The institution and its brunches issued during the year 98 volumes 
and separate pamphlets. The total distribution was 101,28?} - ■ ■ j»i«.■ - 
which includes 40+ volumes and separate memoirs of Smith-miinn 
Contributions to Knowledge, 15,603 volumes and separate pamphlets 
of Smithsonian Miscellaneous Collect ions, 18,885 volumes and sepa¬ 
rates of the Smithsonian Annual Reports, 118,338 volumes and sepa¬ 
rates of the National Museum publications, 11,483 publications of the 
Bureau of American Ethnology (nil series), 1,444 special publica¬ 
tions, 10 volumes of the .Annals of the Astrophyrical Observatory, 69 
reports of the Harriman Alaska Expedition, and 58 reports of the 
American Historical Association. 

An unusually large number of publications ware in press at the 
dose of the year, owing to the overcrowded condition of the Govern¬ 
ment Printing Office during the war. 

Allotments for printing.— 1 CT» allotments for the year for the 
printing of the Smithsonian report and the various publications of 
the branches of the Institution were prariically used up and the 
allotments for the year ending June 30,1920, are as follows? 


For the Smithsonian Institution; For printin* urn! binding the aonaiiJ 
reports of the Board of IkRenUt, with aenatal appendices, the editions 

of which shall tiot ercued 10,000 copies--- 

For Ht« aruiu til reports of the National Museum, with ecbctbI ap¬ 
pendix. and for printing labels and blanks and fur the bulletins add 
proceedings of the National jluMeuni, tin? editions of which shall out 
extend JJJOO copies, and blnjllnjs III half moroceu or material not inure 
esjieimlvt;. scientific boots and pamphlets presented to or acquired 
by the National Jluamm Library —---- 

Fur the annual imports and bulletins of the Bureau of American Eth- 
nolORy and for ml^rertaaeuiis priming and binding lor the bureau-- 


_410.000 


R7.MO 

21,000 


For missel iruwous printing and binding: 

IRtPnyitloDiil sy£i‘biu4J6Ji-■— ———■—-—— 

Intenmtlonol of Scientific LHcrttiM——- 

IVtitiunlit ^ogIo^IctiI rurb-—-----—---“ 

Obst-nraioc?---—-— 

For the Bnrmul report of the AintrfcflQ Htetwltal - - 


200 
100 
200 
aw 
T, mi 


Committee on printing and yubUotdton.-JAl manuscripts offered 
for publication by the Institution or its breaches are mrieitd by 
tho Smithsonian udrboty cammittM on printing and publication. 
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Thirteen meetings were held during the year and 79 manuscripts 
were acted upon. The membership of the <oinimttee la as follows: 
Dr, I^conhard Stejnoger, head curator of biology, National Museum, 
chairman; Mr, X, Hollister, superintendent of the National Zoologi¬ 
cal Park? Dr. George P. Merrill, head curator of geology, National 
Museum; Dr. J. Walter Fewkes, chief of the Bureau of American 
Ethnology; and Mr. A. Howard Clark, editor of the Institution and 
secretary of the committee until his death in December, 1018, when 
Mr. Webster P. True succeeded him ns editor and secretary of Elm 
committee. 

UI1IUBY. 


The library of the Smithsonian Institution is maintained for the 
purpose of assembling a collection of periodicals and publications of 
a scientific nature, as well as the journals and other publications of 
scientific institutions of the world, the whole forming a library,of 
reference and research. In addition to the main bulk of titles h,; Jecf 
in the Library of Congress, and known as the Smith sot*™ D;yOsit, 
there are 35 sectional technical libraries and 4 brnnrb-iTEJrflries—the 
National Museum library, the Bureau of American Ethnology 
library, the Astrophysicat Observatory library, and the National 
Zoological Park library. 

The number of accessions during the year which were added to the 
previous collection of over half a million titles numbered 7,502. f)t 
these 2,077 were for the Smithsonian Deposit, 030 for the Smith¬ 
sonian office. Astrophysics Observatory, and National Zoological 
Park, and 4,?8G for the National Museum, 

Seventy-eight titles have been added during the year to the insti¬ 
tution's collection of aeronautical publications, in which continued 
interest has been shown by aeronautical research workers in the 
Army, Navy, and scientific institutions. Author cards for 1,722 
titles of books in the De Peyster Collection have been made, and’the 
m volumes on French history have been made accessible. 

In the Museum library the most important acquisition was a set 
of catalogues of the J. Pierpont Morgan art collection, presented bv 
J. Pierpont Morgan, jr. The technological library added S46 vol- 
mnta, and the lawks in the sectional library, division of plants 
have been revised and all available works on botanical subjects 
brought together and rendered accessible. The collection in the art 

fiMT3T“ ” s ' *“ T “ Kf " ll) ' eone 0, “ **»* 

national museum. 

The National Museum suffered the W ,.t t.,. ■ - 

the year of the assistant secretary in charge Mr R; -l ° f 

m«i uuiy in, 1918. B* duties devolved upon Mr. W. de C. 
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Ravenel, tho administrative assistant, whoso title was changed to 
administrative a?.*, is taut to the secret an, and on November 1 was 
also designated director of arts and industries. 

The scope of the National Museum embraces many subjects, which 
may be classed under the following headings: 

1. Natural history. 

2. Applied science and art (Arts and Industries). 

3. The fine arts (the National Gallery of Art). 

4. American history. 

These various departments are combined under one administration, 
which insures greater economy and efficiency in management. 

During the war the Museum furnished the Bureau of War Risk 
Insurance with 138,300 square feet of space for its offices. Members 
of the Museum staff in all departments continued to render service to 
the various governmental agencies until the signing of the armistice, 
and their work was successful in bringing the Museum into closer 
relationship with the executive departments. 

The total number of accessions received during the year was 526,- 
845, classified and assigned os follows: Department of Anthropology, 
12,333; Zoology, 4-12,383; Botany, 40,357; Geology and Mineralogy, 
4,750; Paleontology, 26,050; Textiles, etc., 884; Mineral Technology, 
62: and National Gallery of Art, 26. Three thousand and ninety-six 
articles were loaned for exhibition, mainly for the divisions of 
history and American archeology and the Gallery of Art, Pur¬ 
chases were made from the Frances Lea Chamberlain fund and the 
Henry Ward Ranger fund. 

Dming the year the Museum began the collection of a most val¬ 
uable and interesting series of war relics. One of the most instruc¬ 
tive features of this collection is an exhibit showing the development 
of the airplane, from the original Langley models to the first Gov¬ 
ernment-owned aeroplane of the world, purchased by the 1_. jilted 
States from tbe Wright Brothers in 1930- Through the director of 
military aeronautics. Bureau of Aircraft Production, two types of 
planes used fay the French at the front in 1917 were received, and a 
Curtiss training plan* of the model used at flying fields all over tho 
United States, as well as the first buttle plane constructed in this 
country for the United States Government—the DII-1—made by tbo 
Dayton-Wright Airplane Co. in 1917. This machine was Sown over 

100,000 miles. _ . 

The Department of Anthropology received exceptionally large 
additions relating to the war with Germany. They include the 
Combined Order of Battle Map, corrected to November 11. 1918, 
with its accessories, us used by Gen. Pershing and his staff at 
Chaumout. France, throughout the progress of the American military 
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moremcnU; a oollretion of German military paraphL-rtiulk captured 
by American troops ill mug various engagements; collection* of the 
equipment of the variant branches of the American Army; a ml tm 
almost complete series of uniforms, insignia, decorations, and medals 
of the Army and Navy, as well as a collection of relics of Lieut, Ben- 
jaiiiin Stuart Walcott, United States Army, who entered the French 
air service as a member of the Lafayette Flying Corps, and who was 
killed in aerial combat on December 12, 1917* 

Another interesting addition consists of a large series of costumes 
ami accessories worn by the late Eichard Mansfield in his extensive 
repertoire of historic characters, presented by Mrs, Mansfield. 

The chief addition in the Department of Biology was a collection 
of Antillean land mollmte, aggregating 400,000 specimen*, donated 
by Mr. John B, Henderson, a regent of the Smithsonian Institution, 
Tlic final installment of Dr. Abbott^ Celebes collections was re¬ 
ceived likewise. The collections in thn National Herbarium were 
enriched by a donation of 12,000 plants from Mexico, 9,G00 from the 
Philippines, and many from the South American countries. 

The Division of Textiles received for exhibition purposes from 
the office of the Surgeon General of the United States Army a col¬ 
lection consisting of apparatus, hospital appliances, and field equip, 
ment used by the Medical, Dental, and Sanitary Corps in the war. 
Tina included examples of all kinds of equipment of n thousand-bed 
hospital overaas, The fowl exhibits wore eon tinned ami an arrange- 
mt-nt tvsia made with the States Relations Service of the Department 
«f Agriculture, whereby regular demonstrations of the value tise 
preparation, and conservation of foods were given. Over 2.100 per¬ 
sons attended the lectures and various demonstrations. * 

Work on tho Freer Building progressed satisfactorily, and it is ox- 
pt-rtt.I that the Structure will be completed early in 1900 The Xa 
tiorn! Gallery of A rt acquired from Mr. Ralph Cross Johnson a rare 
gift of -4 paintings, which comprises selections from the work of 
19 of Lurope s foremost masters. 

Tin, ...«a )m*mg „cc* „t th, Mu*„ m nre n separate briMing 
1..T the Nat.n™l Gnilarv nf Art, which hns tong since outotown j2 
present tanporery >|n.rtcre, „„<| ^ America hSnrr R 

“ "T™? “P™ 1 "'’ to inert™. the scientific nlK | technical" rtnir 

tritftsr tvz 

unbound piipera were added to the library Jld.., P ™ ipllJfcta ' and 
54,685 volumes and 87.108 pamphlets a,! 
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BUREAU OF AMERICAN ETHNOLOGY. 

The usual activities of I ho Bureau of American Ethnology, deliaed 
by law as “ethnological researches among the American Indians, in¬ 
cluding the excavation and preservation of areheologic remains,'* 
have ljeen carried on during the year under the direction of Dr. J. 
"Walter Fewkcs, cliief. Intensive studies were made of the dying lan¬ 
guages of tlie numerous Indian tribes in order to discover the rela¬ 
tionship of the various slocks of the aborigines and to gain a dearer 
insight into the origin, history, and migration of man on this con¬ 
tinent The continued study of ihq material culture of the Indians 
also has its practical value, while another instructive line of work 
relates to the history of the Indians both before and after the advent 
of Europeans. 

Field researches include, in addition to those mentioned above, 
the excavation and preservation of archeological remains. A few of 
these researches are mentioned very briefly here in order to show tlie 
nature of the work, A somewhat more detailed account of these and 
other undertakings of the bureau during the year will bo found in oil 
appendix hereto. Valuable work was done by Dr. Fawkes in tbe 
Me Elmo and tributary canyons in Colorado and in Utah as fur west 
as Montev.iima Canyon, on the aboriginal castles and towers of that 
region, and through his efforts the Aztec Spring Ruin was presented 
by the owner, Mr. Henry van Klecck, of Denver, to the National 
Park Service, and accepted by the Secretary of the Interior, 

Dr, J. R- Swan too, ethnologist, devoted much of his time to the 
collection of material from published sources for a study of the 
economic background of the life of the American Indians north of 
Mexico. He has also continued his study of the languages of the 
Indians of the lower Mississippi Valley and of the social systems of 
die Choctaw and Chickasaw Indians. 

Mr. J. N. B, Hewitt, ethnologist, prepared for the press the 
Onondaga version of the Myth of the Beginnings, the Genesis Myth 
of the Iroquoian peoples, and continued his previous study of the 
league* 

Mr, Francis LaFlesehe, ethnologist, is now completing for publica¬ 
tion his notes on the rito of the chiefs, the tribal rite of the Osage 
people. In this ritual is embodied the story of the four stages nf tlm 
development of the tribal government, including both the military 
and the civil forms, beginning with the chaotic state of the tribal 
existence. 

Mr. J* P. Harrington, ethnologic hm obtained important corrob^ 
orative evidence of the validity of his discovery that there is a d«n 
genetic relationship between Tanoan pueblo dialects of New Mexico 
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and tbe Kiowa. The bearings of tills discovery on theories of the 
origin of modem Pueblos is very significant. 

.Special research work was done among the Solish Tribes, the Paw¬ 
nee, and Chippewa. Dr. Walter Hough, curator of ethnology. 
United States National Museum, undertook archeological work in the 
White Mountain Apache Reserve, Arizona, and Mr. Neil M. Judd, 
curator nf American archeology, United States National Museum, suc¬ 
cessful ly investigated five prehistoric ruins in the Cottonwood Can¬ 
yon caves. Dr. AlcS Hrdlickn, curator of physical anthropology, 
United States National Museum, was detailed to make an examina¬ 
tion of the remains of southwestern Florida, especially of the shell 
heaps along the coast south of Key Marco. Mr. Gerard Fowke has 
made careful detailed study of the numerous caves in the Ozark 
region of central Missouri, and also transmitted a valuable collection 
of relics to the Museum. 

Tbe number of publications distributed was 11,483, an increase of 
4,139 over tile number sent out last year. The library accessioned 
380 new hooks and 210 pamphlets, 

INTERNATIONAL EXCHANGES. 


The total number of packages handled by the International Ex¬ 
change Service during tbo year was 270,860, an increase over tbe 
number for the previous year of 3,914. Although it has not yet been 
possible to put the service oil a prewar basis as far ns the shipment of 
consignments abroad b concerned, shipments in boxes are being made 
as frequently as present conditions will permit to all countries except 
Austria, Bulgaria, Germany, Hungary, Montenegro, Rr. minima, 
Russia, Serbia, and Turkey. 

Tbe exchange service lias continued its policy of international 
helpfulness in procuring publications desired by governmental and 
scientific establishments both abroad and at home. As an instance of 
this service, sets as nearly complete as possible of posters relating to 
tbe war were assembled and transmitted to the British Museum at 
their request, a similar service having been rendered to th© French 
Government the previous year. Owing to the excessive charges on 
ocean freight, many packages were sent by mail. 

Lace in the fiscal year shipments to Belgium and the northern 
neutrals were resumed. The chief of the Belgian Service of Inter 
national Exchanges said, in part, in * letter to the office here • 

J Should fait most lamentably in my duty Mr Stvnit.n. „ r 1 

this reply worm thanks In the name of the Belgian dormant In ihTn *e 

tretna kindness you have shown u« | n rw^rvln- tnr 1' ' r 0,0 **’ 

U* « and “T? 
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THE NATIONAL ZOOLOGICAL PARK. 

The National Zoological Park continues in popularity ns a means 
of natural history education and ns n plaeo of recreation and amuse¬ 
ment for the people of Washington. 

The total number of animals in the park at the close of the fiscal 
year was 1,336, including 528 mammals, 71 reptiles, anti 737 birds. 
Among the more important additions were two young Sumatran 
elephants, purchased at a cost of $S,OOD, for the children of Wash¬ 
ington by a number of their friends and donated to the institution. 
At the time of their arrival they were about 2| years old and were the 
first of their kind to be exhibited in Washington, Other important 
additions were a fine capybara, from the FTon. Henry D. Baker, 
Trinidad, British West Indies; a great white heron of southern 
Florida, from Dr. Paul Bnrtsch; and a pair of Florida bears from 
Mrs. A. V. N. Stroop. 

Visitors to the park during the year numbered 1.064.7ir—a daily 
average of 5,383. Ninety ■eight schools and classes visited the col¬ 
lection for instruction purposes. 

Among the recent improvements are exterior rages for leopards, 
jaguars, and hyenas, and a new chimney for the central heating 
plant. A part of the creek-side drive was rebuilt, some animal 
houses were painted, and small improvements in the animal houses 
and yards were likewise effected. 

The need of A new house for the exhibition of birds continues to 
become more urgent from year to year. An increascd~np preprint ion 
for the expenses of the park is also badly needed, as well as one 
sufficient for the purchase and transportation of animals, so that the 
park may lake advantage from time to time of opportunities to 
obtain rare and conspicuous animals not before exhibited. The 
purchase of a frontage of over 600 feet on Connecticut Avenue, 
urged for several years by the superintendent, but which has not 
yot been considered favorably by Congress, would satisfy all the 
needs of the park as regards necessary expansion and better service 
to the public on tho west side; and it bocomes more and more im¬ 
portant to secure this land, as the probability of losing the oppor¬ 
tunity increases every year. It is also desirable to purchase a small 
atrip of privately owned land between the park and the important 
highway of Adams Mill Road, because of improvements being made 
svt that point bv the District government. The incorporation of 
this land within the park is of very great interest to the public. 

The slight increase in the annual appropriation granted by Con¬ 
gress scarcely more than covered the increased cost of maintenance 
of the park, even by practicing the strictest economy. Lack of 
funtli for grading banks and filling rarities has prevented tho com- 
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plctinn of work begun three rears ago for the purpose of obtaining 
new level spaces for yards and inclosurea 

ASTKOPHYSICAIi OBSERVATORY. 


Severe! important in vest igat ions relating to the war, begun last 
year, were continued by the staff of tho Astrophysics! Observatory 
under the general direction of Dr. C. G. Abbot, in addition to the 
regular work of the observatory. These researelies are mentioned 
elsewhere in this report under the heading “ General considerations." 

At Washington work on solar radiation computations him gone 
on steadily, and progress has been made with the preparation of a 
new medium, potassium iodide, for the investigation of the rays 
beyond where rock salt is trensmisable. A new instrument, based 
upon the principle of the perfect radiator, or ** absolutely black body," 
was constructed for the purpose of measuring nocturnal radiation, 
such as the earth sends out to space. At the close of the year 
this instrument was reported as operating successfully on Mount 
Wilson. 

In view of tho fact that tho total edlpso of the sun of If ay 29, 
1919, would bo visible at La Fa*, Bolivia, which is not very far from 
the Smithsonian solar constant observing station at Calama, Chile, 
a successful expedition was undertaken by Dr. Abbot, with the 
double purpose of observing the eclipse and visiting the Calama 
station. Good photographs of the phenomenon tmd also pYnino- 
metric observations by Mr. A. F. Moore of the brightness of the sky 
were obtained during the progress of the eclipse. A conference was 
held with officials of the Argentine Government, which is likely to 
prone of great valua in thn future, in that it concerned the employ¬ 
ment of solar-radiation measurements for weather forecasting by 
the Argentine meteorological service. At Calama, Chile, Dr. Abbot, 
in cooperation with the Smithsonian observers there. Messrs. Moore 
and Leonard Abbot, devised a new method of reducing solar radia¬ 
tion observations, so as to determine the sohr constant of radiation 
With at least equal precision to that obtained by the older method, 
the advantages of the new method being (1J its independence of the 
variability of atmospheric transparency; (2) the time required is 
only onc-hfth of the former period- 

On Mount Wilson Mr. Aldrich continued the observations of the 
so hr constant of radiation, and in September, 1918, made an inter- 

TZ S V^r Wilh lhc Arm - V School at 

\ J™ ,f ? 015 lie measurement of the reflection of snn and 

L™* i " w T™ of iog ' which hd him to conclude that 
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The preparation of Volume IV of the Annals of the Astropbysical 
Observatory' has boon in the hands of Dr. Abbot since Februaiy; it 
includes the results of measurements from the year 1913, Mr. Fowls 
has continued the work of revising the Smithsonian Physical 
Tables* in which he has received valuable aid from the various 
scientific departments of the Government and from individuals in 
colleges and industrial corporations, 

INTERNATIONAL CATALOGUE OF SCIENTIFIC 
LITERATURE. 

The United States Regional Bureau of the Catalogue* supported 
by congressional appropriation under the direction of the Smith¬ 
sonian Institution, undertakes to list and index all scientific articles 
appearing in the United States each year. These title* are for- 
warded to the Central Bureau in London* where they are incorpor¬ 
ated with the lists from all other countries in a comprehensive cata¬ 
logue of the year's scientific work of the world. The war and the 
chaotic conditions in Europe smea the war, have greatly hampered 
the work of the catalogue and it has been recognized for severe] years 
that u general reorganiation will be necessary when condition* be¬ 
come more settled. 

Tho Central Bureau has published during the year 8 volumes of 
the Thirteenth Annual Issue* completing that issue, and 12 of tho 
17 volumes of tha Fourteenth Issue have appeared. The United 
States Bureau has continued to gather and index the flcicnlihr titles 
in thh country, and in some of the sciences* notably zoology, the titles 
havo been classified far in advance of the published volumes. 

It has been recently announced by the Royal Society of Lnndnm 
tho principal sponsor of tho catalogue since its inception, thnt after 
the completion of tho Fourteenth Annual Issue a now financial ar¬ 
rangement will be necessary in order to continue tho work, and scien¬ 
tific establishments and academies through out tho world have been 
asked to oiler suggest ions as to the best method of accomplishing this 
end. 

NECROLOGY. 

1 may here express for nivsolf and oti behalf of the stall of the 
Institution and the National Museum the deep sense of loss caused by 
the death during the year nf Mr, Richard Rath bun* sisststaiit secre¬ 
tary in charge of the National Museum, and Mr. A. Howard Clark, 
editor of the Smithsonian Institution, These two men, through 
long connection with the Institution* contributed much to its de¬ 
velopment and their passing leaves a deep feeling of personal loss 
among their a-*socia£es. 
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III C FT. Mil I RATlt BUN. 


Richard Rathbun, assistant sty ret ary of the Smithsonian Institu¬ 
tion, was born in Buffalo, N. Y., January 25, 1$52, and died July 16, 
1918. lie received his education at Cornell University, specialising 
in geology and paleontology. Here he was associated with Charles 
Fred Hnrtt, professor of geology, who assigned to Mr, ffathbun the 
task of working up for publication a collection of fossils from Brazil, 
which resulted In the publication of Mr. Rathbuids first paper on 
the “Devonian Brachiopoda of Ere re, of the Province of Pam, 
EntailDuring this work he had occasion to visit the Museum of 
Comparative Zoology at Cambridge, where the environment proved 
so congenial that be remained here, for two years. During the summer 
months he served as a volunteer assistant under Spencer F. Baird in 
marine explorations on the New England coast. Through his as¬ 
sociation with Prof, Baird his connection with the Smithsonian, 


Institution began. 

In 1875 he was appointed geologist to the Geological Commission 
of Brmr.il, and for tha following three years he studied the geological 
features of that country. On returning to the United States lie was 
appointed a scientific assistant in the United States Fish Commission, 
in which service ho remained until 1890. 

During this period several papers from his pen appeared in “The 
Fisheries and the Fish Industry of the United States.” During 
these years also he was involved in the fur seal investigation. The 
most important international commission to the Fur Seal Islands 
was the one sent out in 1896, and Mr. Bath bun was named chief 
advisor to Mr. Hand in in immediate charge of the case. 

In 1896 Mr. Rathbun came to the Smithsonian Institution and at 
the beginning of 189T took up the duties ns assistant in charge of 
office and exchanges, later being named assistant secretary. The fol¬ 
lowing year, holding this same title, he was given charge of the Na¬ 
tional Museum, which position he held until his death. 

One of the most important events during his administration of 
the Museum was the appropriation for and the construction of the 
new Natural History Building, in which he took a deep interest, and 
fur which he was in hirge part responsible. He also undertook tlie 
development of the National Gallery of Art, n feature of the Smith- 
sonmn which is mentioned first in the act creating the Institution, hut 

xt T." 1 l pmamr(i dormimt for lack of adequate facilities, 

Mr. Rathbun was a member of many scientific societies, including 

titC™ inHn I^ 1 T m!K ' tloris ’ His bibliography contains nearlv 100 
witMta1"”“™“ W" w*m during his oonn.ction 
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ALONZO HOWARD CLARK. 

Alonzo Howard Clark, editor of the Smithsonian Institution* was 
bom iti Boston April 13* 1850, and was educated at Wesleyan Uni¬ 
versity, receiving an honorary degree of M. A. in 1000, Mr* Cl ark’s 
first connection with the Government service was in 187D, when ha 
was put in charge of the United States Fish Commission Station in 
Gloucester* Mhs$. In 1331 ho was made curator of the division of 
history of the United States National Museum* and later editor of 
the Smithsonian Institution, which position he hdd until his death 
on December 31,1313. Mr. Clark was also affiliated with a number 
of patriotic and historical societies, being secretary and registrar 
general of the Sons of the American Revolution* and an officer of tho 
Society of Mayflower Descendants and of the Society of Colonial 
Wars. Matters of patriotic and historical interest were Mr. Clark's 
chief delight* and it was through his efforts that wens begun the 
presen t great historical collections In the Museum, Ho was especially 
fitted for his position as curator of this division th rough his wido 
experience in historical and genealogical work and his many con¬ 
nections with organizations of that nature. Mr. Clark also held a 
prominent place in the activities of the American Historical Asso¬ 
ciation, being secretary of this organization from ISB9 to 1003, and 
curator from 18651 until the time of his death. 

Respectfully submitted. 


Charles Ih Walcott* Sccrttartf. 






APPENDIX 1. 


REPORT ON THE UNITED STATES NATIONAL MUSEUM. 

Sir: It is with profound sorrow Lb at I record the death at his 
home m this city on July LG, 1318, of Richard Rathbun, assistant 
secretary of the Smithsonian Institution sin™ ISO", and, as anch, in 
charge of the United States National Museum since ISOS. 

Out of respect to his memory the flaps on the build mgs of the 
Institution were carried at half-mast until after the interment of 
liis remains in Rock Creek Cemetery on July IS. Business was sus- 
pended in the offices mid the public exhibition hails were closed on 
the day of his funeral. 

This is not the place to give an adequate review of the work of 
Mr. Rathhun as a man of science, or to recall his contributions to 
the upbuilding of the institution with which he was so long con¬ 
nected. I may be permitted, however, to express here my sense of 
bereavement in the passing of a man whose friendship and personal 
and official confidence I was permitted to enjoy. 

During Mr. Ralhbun’s disability, and after his decease, the ad¬ 
ministration of the Museum devolved upon me os next in authority. 

On November 1, 1818, the position of assistant secretary of the 
Smithsonian Institution in charge of the United States National 
Museum was discontinued, and I, ns directed by you, assumed charge 
of the administrative affairs of the Museum, with the title of ad¬ 
ministrative assistant to the secretary. In addition to the general 
duties of the above assignment, I was designated director of arts 
and industries. 

Introduction .—The scope of the National Museum embraces many 
subjects, which may be classed under the following headings: 

1. Natural history, comprising zoology, botany, geology, mineral¬ 
ogy, paleontology, physical anthropology, ethnology, and archeology- 

2. Applied science and art (Arts ami Industries). 

3. The fine arts (National Gallery of Art). 

4. American history - 

At the capitals of the principal countries abroad there are gener¬ 
ally severe! separate Government museums for these various classes, 
nolablv in London and Paris, resulting from the independent origin 
of the different collections. In London, for example, the .objects 
combined in the United States National Museum are distributed be- 
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tween two sections of the British Museum {Bloomsbury and South 
Kensington), the Victoria and Albert Museum, the Science Museum, 
the Museum of Practical Geology, Bethnal Green Museum, the Wal¬ 
lace Collection, the several national galleries of art, and others. In 
Washington, on the contrary and Tory fortunately, the entire mu¬ 
seum scheme has, by law, been essentially combined under one ad¬ 
min Ut rat ion, which not only insures greater economy in manage* 
znent, but permits of a more logical classification and arrangement^ 
the elimination of duplication, and a consequent reduction m the 
relative amount of space required. 

The national collections of the United States are not yet to be com¬ 
pared ns a whole with those of certain European countries, though in 
natural history they are probably not surpassed there. In respect to 
the line arts, the Freer collection comprises the most important rep¬ 
resentation of oriental art in the world. However, in the line arts 
generally and in the useful or industrial arts the National Museum 
has a great task before it T possible of accomplishment only when 
requisite facilities are supplied. 

Steps were taken during the year Looking to die more definite 
organization of the department of arts and industries. Elaborate 
classifications have been proposed from time to time, but none of 
these have been strictly followed in the arrangement of the collec¬ 
tions, due mainly to the limitation of space. Work is being chiefly 
centered at present on those subdivisions which are most prominent 
in relation to current industrial affaire, but there are other subdivi¬ 
sions with important collections which are not represented by experts 
on the staff on account of lack of funds for their employment. As at 
present constituted the Department of Arts and Industries may be 
considered to consist of the Division of Mineral Technology, the 
Division of Textiles, the Section of Wood Technology, the Section of 
Foods, the Division of Medicine, and the Division of Mechanical 
Technology. 

Wur aettoitto t^-In the last report the action of the Board of 
Regents of the Institution at the request of the President of the 
United States in closing the natural history building to the public on 
July 16,1918, was noted, enabling the Museum to furnish the Bureau 
of War Risk Insurance of the Treasury Department with 138,600 
square feet of space for office purposes on the ground and the two 
exhibition floors. This was done with the understanding that the 
Museum would bo vacated upon the completion of the building then 
^ing erected for Umbnresu lhe CorBer ol Vermont Avenue and 

\w^ Ctl "S? Sf* the * luseum *S*t* would bo turned back to the 
Museum authorities m the same condition in which it was received 

Ur but^7 i Late *“£** tLe to its o^trul 

turc, but its funds were then so depleted that it was unable to carry 
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out the agreement as to renovating the building. It was therefore 
unfort nimtely necessary to reopen the natural history building with¬ 
out making the needed repairs, the first floor being opened to visitors 
On April IX and the second floor on April J£2. 

Advantage was taken of the closing of the exhibition halls to give 
addition a i attention to classifying, arranging, labeling, and other¬ 
wise putting m shape the study series m the various departments. 
In the department of geology this also afforded opportunity to thor¬ 
oughly clean and to some extent rearrange the exhibition scries, go 
that when reopened to visitors the halls were mare interesting than 
ever. 


From the beginning of the fiscal year until the signing of the 
armistice on November II, members of the Museum staff in all depart¬ 
ments; continued along the same general lines as last year to render 
service to the various governmental agencies more directly engaged 
in prosecuting Americans part in the great conflict. Much valuable 
assistance wins thus given, and the cooperation of the Museum in this 
work has resulted in bringing it into even closer relationship with the 
executive departments with beneficial results. 

War c&thcti&n&r —Early in the fiscal year, in cooperation with the 
War and Navy Departments, the Museum undertook the Ofecinhling 
and installation of n collection of materials relating to the Lite war, 
which will probably form one of the most important collections ever 
undertaken by it* and may, ultimately, need a separate building. It 
is proposed to perpetuate the part taken by the United States in the 
World War by preserving and exhibiting objects graphically illus¬ 
trating the military, naval, and aerial activities, not only of our own 
aido of the conflict but of our opponents as wdL 

The value of such a collection can not ho overestimated from the 
popular or scientific standpoint not only forming a fitting and serv¬ 
iceable supplement to the written and printed records relating 
to die history of the war, hut constituting a most notable memorial to 
the patriotic forces represented by the individuals who have con¬ 
tributed to the preservation of civilisation. It will be of the highest 
value for historical find scientific research. 

The scope of this exhibit includes not only the general military 
equipment, such as tanks, field and machine guim, and other objects 
used by military organisations, naval equipment, including model* 
of shim? naval guns, docks, yards, etc., airplanes, battle planes, but 
accessories of all kinds; individual militaty and naval equipment of 
the various branches of the service, such as clothing, arms, and other 
paraphernalia, military and naval decoration and medals, comment 
rathe medak of notable evenly mementos, trophies, pictures, paint¬ 
ing photographs, maps, books, pamphlets, manuscripts and other 
object of the same character relating to the program of the war. 
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jVs the nut ii ml history building was closed and every avail able 
foot of space in it aligned to the Treasury' Department, it became 
necessary to install die material received during the year for the 
war collections in the arts and industries building, and to place the 
large and heavy objects in the open to the west of this building. At 
the close of the year material for the war collections was coming in 
steadily, and it had become necessary also to assign to this subject 
nil of (be central portion of the ground story and the rotunda of the 
natural history building—spats usually reserved for special exhi¬ 
bitions. 

Tins Museum is particularly fortunate in having a Tcry excellent 
series of objects showing the development of the airplane, beginning 
with the Langley models, which have been in its possession for a 
nun liter of years, and the first Government-owned aeroplane of ilia 
world purchased by the United States from Wright Brothers in 1909. 
Through the director of military aeronautics, Bureau of Aircraft 
Production, two types of planes used by the French at the front in 
1017 were received during the past year, and a Curtiss training plane, 
such as used at all the training fields in die United States, and the 
fuvt battle plane constructed in diis country for the United States 
Government—the DIM, made by the Daytou-Wright Airplane Co. 
in ISl". This plane ha* flown over 100,000 miles and been in the air 
over 1,000 hours. 

Through arrangement with the Army and Navy the Museum is 
pi 11 ini lug to exhibit examples of every plane, engine, radio apparatus, 
and other accessory in production in the United States nt the tima 
of the armistice, and has secured for this exhibit the temporary 
metal structure erected cm the Smithsonian grounds in 1017 by the 
War Deportment for the use of the Air Samoa, 

Immediate needs of the Museum,— As pointed out in the report of 
tiirce years ago, the pressing needs of the Museum are those for addi¬ 
tional space. for the accommodation of collections and for increase 
in the scientific and technical staff. It is dearly manifest that these 
needs must be met if the institution, with its numerous departments, 
is to keep reasonable pace with the development of the conntiy us 
a whole. The space congestion especially become* more pronounced 
and embarrassing with each passing day, 

The natural histoiy collections and the laboratories connected 
therewith require for their reasonable accommodation and adminis- 
tration the entire natural history building, a structure erected 
especia ly for this particular purpose. To-day, however, krga ureas 
Tii the building are assigned-aml tliat from necessity—to the Tim¬ 
idly growing collections of the National Gallery of Art, and in higer 
measure even to the great accumulations of historical material relat¬ 
ing to the late war which are just uow demanding adequate atten- 
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tion. Tbe older building, designed to accommodate the nationally im¬ 
portant depart meal of arts ami Industries, a 011 £ 1 i - t i, 

space to serve this purpose, is from absolute necessity _ L .. 
a great body of unrelated ethSttos, representing history, anthrm 

‘"’S Guile .7 of Art, no«- lop th. tat 

enviable place among the galleries of tbe country, is crowds! into the 
natural bistory building without possibility of expansion, imd 
libeinllv inclined collectors of art works who seek a permanent home 
for their treasures, and who may be favorably disposed ^^ash- 
in-rton, ore necessarily met with the statement that addJtiooal col- 
ieetions if acquired, must go into storage. These possible benrtuc- 
lat* of the national collection are thus turned to other institution* 
nr to tiie auction room. The Nation is thus deprived of the possi¬ 
bility of building up, even by gift and behest, collections o , 
such'as are highly prized and fully provided for by civilized nations 
ccneraDv. The sooner a building devoted to the fine arts, including 
all departments, is provided the more quickly will the American 
^pte find themselves in the forefront in all that characterizes the 

highest level of civilization. .. . . 

American history, one of the most essential and vital of the e- 
uarLments of museum activity, is not better provided for than art. 
There is no provision for it save in the present overcrowed tmdd- 
inca, A building of an order commensurate with a great outional 
pilose is an absolute essential, and ate erection should i» pnmded 
for with the least possible delay. 

COLLECTIONS, 

The total number nf specimens acquired during the >£- 

other miscellaneous wmd ^ ' V * YTi mul ! fa 

^ JivWoixs of 
was received for special «»* 

"5r^ t «» M rT tzs: 

Vrunccs Tea i^J.ctfon of mollnsks, sportively, 

of gems and to the Isaac u member of the staff, 

TZtZ 552 2f£ ^ —- -*«*- 
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daring the year for the purchase of additions to the collection of 
birds. 

The council of the National Academy of Design inaugurated pur¬ 
chases from the Henry Ward Ranger fund by’ acquiring n landscape 
by Bruce Crane entitled 11 December Uplands.” Under the condi¬ 
tions prescribed by the will of Mr. Ranger this painting was assigned 
to the Syracuse Museum of Art and can be reclaimed by the Na¬ 
tional Gallery of Art at any time during the five-year period login¬ 
ning 10 years after the artist's death. 

Anthropology .—The additions to the historical collections during 
the past year have been exceptionally large and are especially inter¬ 
esting on account of the fact that so many of them relate to the recent 
war with Germ any. They also include, however, many objects of note 
connected with the history of the United States prior to that mo¬ 
mentous cordlict. Of special note in connection with the collection 
received relating to the war are many mementos of persons and events, 
battle-field trophies, military and naval uni forms, insignia, and field 
equipment. These include the Combined Order of Battle Map cor¬ 
rected up to November 11 , 1 £HB, with its accessories, as used by Gen. 
Pershing awl his staff at Chaumont, France, throughout the progress 
of the American military movements, showing locations of all 
United States divisions and exact location at the signing of the 
armistice, with the same information as to armies of the Allies and 
enemies, besides a large amount of other information; a most inter¬ 
esting collection of German military paraphernalia captured during 
the various engagements in which the American troops participated 
and assembled in France by Mnj. Gem II. L. Sogers, United Stotw 
Army, while serving as chief quartermaster of the American Expe¬ 
ditionary Forces; two French military airplanes used on the western 
front and the first battle plane built in America; collections of in¬ 
fantry, artillery, cavalry, air service, and chemical warfare equip¬ 
ment of the type used during the war; a practically complete series 
of the uniforms, insignia, decorations, and medals of the Army and 
Navy: a notable collection of relics of Lieut. Benjamin Stuart IVal 
cott, United States Army, who entered the French air service os a 
member of tho Lafayette Flying Corps, was killed in aerial combat 
and fell within the German lines December 12, 1017; also loan col 
lections of uniforms worn by French officers. The war collections 
already received will be supplemented by others until the Museum 
possesses a complete representation of the vast amount of panmher- 
nnlia required in the prosecution of a modern war, including reora 

° f jftS- " i;Ultl ! I - V , USed duri,, e conflict bv 

the Lmted htates, the Allies, and the enemy countries. 

The most notable collection not connected will! the war received 
by the division of history during the past year consists ofTrely 
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large and interesting series of costumes and accessories worn by the 
ku> Richard Mansfield in his eitensiv* repertoire of histone char¬ 
acters, presented by Mrs. Mansfield. Many other histoncal relies 
were received, among them the gold medal awarded by act of Con¬ 
gress to Cant. Thomas Tmxtuti, United States Xnvy, in recognition 
of the defeat, of the French ship Tonffeanct, February 1,1900, lent by 
Mr. Thomas Tmstun Houston; a silver-mounted telescope owned by 
Thomas Jefferson, lent by Brig. Gen. Jefferson Randolph Kean, 
Medical Corps. United States Army; and a jeweled sword presented 
to M:ij. Gen. John R. Brooke, United States Army, by American and 

Cuban friends in 1809. 4 , . , 

Thu operations of thn curator of the divisions of ethnology and 
arcboolo^v in Arizona have added considerably to tli« colleclions 
in archeology, and Dr, IV. L. Abbott has supplemented the material 
generously contributed bv him in previous years from Celebes with 
a large series of costumes, ornaments, and implements collected by 
Mr. H. C. Raven. Especially interesting are the decorative de¬ 
signs on the bark cloth used for costumes on these islands. 

In physical anthropology very important accessions from the 
ancient pueblo region were received through Mr. F. \V. Flodge. as a 
gift from the Museum of the American Indian, and as a gift from 
Dr. Edwin Kirk valuable crania and other physical remains from 
llis territory occupied by the and Ttingit tribes of Alaska* 

liiMgit *—The number of specimens received during the year by 
the department of biology, totaling about 482,740, vastly exceeded 
the number accessioned last year. This great increase was rfm-fly due 
to the incorporation of the unrivaled collection of Antilleani bud 
mollusks. aggregating approximately 400,000 specmiens, winch was 
donated bv Mr.'John B. Henderson, a regent of the bmithsonmn 
Institution. It is one of the most complete and extensive collects 
of its kind in existence not only because it contains nearly all the 
kLwn West Indian species but because of the large number of typ® 
ami nutbentic specimens which it includes. Among the many other 
Tportunt collections received, it may be well to mention the final m- 
™T? , f Mr Raven’s Celebes collections, which we owe to Dr. tV. 

r A .r EvSditian to the French Congo, containing as it docs, 
Garner • pnd birds and smaller mammals, three gorillas 

besides u large s^retnrv Walcott, during his explorations 

and bevcral chui P . ^ several large mammals for the Museum, 

Among tbc by 
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cal collecting by himself and associates among the Christian Brothers. 
I ho collection of Philippine plants was greatly increased hv the ad¬ 
dition of two lots, aggregating more than 9,600 specimens, one 
received in exchange from the Bureau of Science, Manila, the other 
acquired by parchnse. The South American series was also aug¬ 
mented considerably hj tho donation of 1,701 Venezuelan plants hy 
Dr. IT. Piuier and 1,077 specimens exchanged with the Museu Goeldi 
in Para, Brazil, Insides the Museum’s share of about 3,000 specimens 
from the Ecuadorean Andes collected by Dr. ,T. N. Rose on an 
expedition undertaken jointly with the New York Botanical Gar¬ 
den and the Gray Herbarium; while exchanges with the last-men- 
tioncd institution added approximately 1,450 more .South American 

The exhibition collections were dosed most of the year on account 
of the space having 1*cn turned over to the Bureau of War Rids 
Insurance, However, toward the end of the year the halls on the 
tirsl Moor, containing mostly the mammals and birds, including the 
great biological groups, were reoccupied by the Museum and craned 
^ he public, after certain additions and improvements in the in- 
Et&lhiUon bad been made. 


£7eo%p,_Tlw additions to the collections in this department 
durmg the yBar were but 135 lots, aggregating an approximate total 
of nearly 31.000 spent*** This number, although somewhat less 
than t hat of the preceding year, is, in part, compensated for bv tlie 
unusual value of sundry individual specimens, Among these msi v lx 
mentioned examples of tungsten minerals both from domestic and 
orcign sources, including a magnificent specimen of echeeUto pre- 
sentwl by Dr, J. Morgan Clements, of New York City, and upward 
oi b.:. kilograms of the extraordinary meteorite which fell at Cum- 
bcrland l alls, in Whitley County, Ky., on the 9th of April, 1919. 

The availability of the Frantss Lea ChomWlain fund has enabled 
the department to begin once more a systematic building up of the 
Isaac Lea gem cot cctior, A 7-gmm kunrite, a HkgrenTblick opal 
from Nevada and 5 beautiful examples of Australian opals of a 
variety heretofore unrepresented in tlm collections are among he 
more important additions. 1110 

Thei Middle Cambrian collections obtained by Secretary Walcott 

vidual u,2S, 1188 in , I J ritisl1 Columbia Jibber nearly 7,000 indi- 
.penmens, and form nn addition of unusual vidut Tlie 

Ksria?taSt **■*■« ,m " i-JSi s 
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Excellent exhibition materials in the line of vertebrate fossils, 
including part nf a skeleton with ft skull of the curious araphibi&l 
Df.plocGvJw copci from the Perm inn of Texes; a skull of Jfono- 
Clonitti r; a skull. portial skeleton, and two hind paddles of Tylo- 
i ftxurtw; and an articulated series of cniidal vertebras of Platycfirpta 
tire among the more important accessions. Mention should bo made 
of the addition to the exhibition series of the mounted skeleton qf 
D met rod on "which was secured some few years ago. This 

forms the most complete restoration of this; extraordinary animal 
that has thus far been secured by any museum in the world. 

Museum work, as in other departments, suffered through interrup¬ 
tions, including the closing nf the exhibition halls, incidental to the 
war, the head curator himself being engaged ft part of the time in 
procuring for the National Research Council important materials 
needed in newly devised apparatus. Continual demands were rnada 
upon the department* throughout the entire period of tho war for 
materials for experimental purposes, and it is felt that the depart¬ 
ment fully justified itself in its capacity for supplying that which 
was needed. 

Advantage was taken of the relief from all exhibition work caused 
bv the dosing of the halls, to complete the records and attend to other 
w-ork such us had heretofore suffered more or less neglect through 
pressure of other duties. 

Incidental mention may 1 m made of the preparation of 100 lots in 
sets comprising '21 specimens each, illustrating the secular decay of 
rocks and intended primarily for distribution to tho agricultural 
schools. Considerable progress was also made in the preparation of 
100 sots of upward of 80 specimens each of ores and minerals which 
are intended for distribution ns occasion may demand. This Is a 
work which is ordinarily done nt odd moments, as no funds are 

directly available for the purpose. » 

Textiles- _To the collections under the charge of trie curator of 

textiles which, besides textiles 5 , embrace wood technology, medicine, 
food, and animal and vegetable prwhids^ ihe most important addi¬ 
tion was the collection received by transfer from the Office of the 
Surgeon General of the War Department, consorting of apparatus, 
hospital appliances, and field equipment used by the medical, dental 
and unitary corps in the war with Germany, meludmg samples 
of all kinds ot equipment of n thousand-bed hospital oiersea-'c At the 
< ll ,f lln-v. nr iliis «• being m«do reedy far tb. HW*> '■> e«n»f 
Hon with tl wr collections on the ground floor of the notnml hun 

knitting end cretin* 
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yarns with examples of pattern stitches, an extensive collection illus¬ 
trating the production, classification, and conservation of foods, with 
nmtiy such from the Department of Agriculture and the United States 
*oo(l Administration, and an exhibit illustrative of neglected sources 
of supply of fats and oils for food purposes. 

In making the food exhibits as useful ns possible a cooperative ar¬ 
rangement WHS entered into with the States Eolations Service of the 
Department of Agriculture whereby regular demonstrations on the 
inkie* use, prepare ion t ami conservation of fooil^ wore given at die 
Museum by experts of the department. A large room in the arts 
and industries building was fitted up as a demonstration kitchen and 
space provided for displaying foods, models, and household equip¬ 
ment This work soon broadened into a household consultation cen¬ 
ter, with lectures and demonstrations covering a wide range of ytib- 
jects There were lectures on the Business of the household ; Food 
for the family on $2 per day; Direct marketing; What becomes of 
the consumer’s dollar; What to give your children to eat; Jlilk, its 
nutrition and u:-e; Meat substitutes; Housekeeper’s use of market 
schedules ; and Influence of weave structure upon the durability of 
fabrics. The demonstrations included labor-saving appliances for 
the kitchen; the tireless cooker: the pressure cooker; the electric wash¬ 
ing machine; preserving eggs; cooking dinner in 80 minutes; the one- 
dish mealj invalid cookery-; dried milk powder; Christmas sweets: 
sugars candies; and fruit juices hi summer drinks. By classes mid 
demonstrate for housekeeper in the mornings and afternoons and 
special clasps for war workers at 5 p. m., over % 100 persons were 
reached during the year, 

Mineral ttfkMfogyr-hs. mineral technology the customary work 
of the division was shelved in favor of special activity with a more 
direct bearing on the national emergency. As the war progressed 
dm call for specialization on the part of its technical stall increased 
While the country was still actively involved on a basis of war 
scarcely a day passed without bringing calls from sonic governmental 
agency for assistance with reference to one or another industrial 
issne up for consideration on an emergency rating, the questions 
ranging from determining a fair price for mica to determining^ 
likelihood of a paralyzing petroleum shortage. As the year It 

veloond lineS of s P ecial investigation de- 

^ ^ ** 

JK from thei till* u „d„ rticll lhs 

of C “"‘"' rci * 1 0-»l of ,ht 

;z:' e 


RKPOftT OF THE SECRETARY'. 85 

of the war. The other, “The Energy Resources, a Field for Recon¬ 
struction/' coordinates and summarizes the work of several years. 

THE NATIONAL. GALLERY' OF ART. 

Tlie National Gallery of Art is fortunate in the acquirement of 
art works of exceptional importance during the year. Among these 
the most noteworthy is a gift by Mr. Ralph Cross Johnson of 24 
paintings, which comprises selections from the brushes of 13 of 
Europe’s foremost masters. The Gallery is thus more fully assured 
of a worthy position among the galleries of the Nation. The exten¬ 
sion of the Gallery’s activities to wider fields than heretofore is 
marked by the acquirement by gift of an installment of a rich col¬ 
lection of art works of European origin from Rev. A. D. Pell, of 
New York. 

Notwithstanding the prevailing labor conditions much progress 
was made during tho year on the building being erected by the 
Institution at the expense of Mr. Charles L. Freer, on the south¬ 
western corner of the Smithsonian reservetion, to house tho Freer 
(■olio*’lions of American and oriental art. The building was entirely 
inclosed at the end of the year, the exterior granite and marble 
walls and tho roofs being completed. Work on ilic Interior is now 
progressing satisfactorily, and it is expected that the structure will 
h a entirely finished tiiis autumn. 


MEETINGS. 

Shortly after the armistice was declared and as soon as the audi¬ 
torium, which had been vacated late in November, could be re¬ 
painted and tho chairs replaced, there was inaugurated a scries of 
popular lectures, under the auspices of the Institution, on alternate 
Saturday afternoons, bet ween the hours of 4.45 and 5.30, commencing 
January 18.1913. The lecturer; and subjects are noted in the report 

The meeting facilities afforded by the auditorium and committee 

rooms were also availed of, as follows: 

Rv the United States Employment Bureau of tho Department of 
Lab^r, for lectures by Dr. Meeker an the gathering and interpreta¬ 
tion of statistic*and by Dr. Proper on training of the handicapped; 
hr the Childrens Bureau for tv conference on childs welfare, with 
- ;t Wril w witire: by the Ordnance Bureau of the Mur Depart¬ 
ment for an illustrated lecture by Lieut. Col G. M. llinuw on battle 
scours in the World War; by the Artillery Division nf the Army for 

^7 . | wtur „ OTl the method in camouflaging used by that 

” .1 a«r»trf l«t»™ «" “ ,I„|U, of U „ t* 

division dining ttie war, uy ^ . . - . - tJl _ 

suiy Department for a moving picture, Fit to win. before the 
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faculties and students of the dcpartmfcute of medicine and dentistry 
of the Georgetown University, with remarks by Asst. Surg, Gem 
Pierce and by Dr. George. E. Kober and Dr. Bruce L. Taylor; by 
various divisions of the Bureau of War Risk Insurance on numerous 
occasions for various purposes: by the American Society of Mum- 
malogists; by the Wild Flower Preservation Society; by the Biologi¬ 
cal Society of Washington; by the Louisiana Society of Washington, 
with an illustrated lecture b}' Hon. M. F. Alexander, State commis¬ 
sioner of conservation a on the work accomplished by the Alabama 
Conservation Commission during the past 10 years: by the National 
Womcrfs Trade Onion League for a lecture by Mm Mnrgnret Bond- 
field, ol England, on the new spirit of British labor: by the Mini¬ 
mum Wage Board of the District of Columbia for a conference; by 
the Distriert of Columbia Chapter of the Sigma Xi for its annual 
meeting and an illustrated lecture by Maj. R. M- Yerkes on the re¬ 
lationship of Army tests to education and vocational guidance; and 
by the scientific and technical Federal employees for the purpose of 
forming an organization with a view to joining tlie Federal Em¬ 
ployees Union. 

Tho muisi hull, range, and chapel of the Smithsonian building 
proving inadequate for the annual meeting of the National Academy 
of Sciences in April, the sessions of the last two days were trans¬ 
ferred to the Museum auditorium. The auditorium woh a ho used 
two days for a conference on (he American merchant marine, the 
Horn Joseph E. Ransdell presiding. 
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The distribution nf duplicates for educational purposes, chiefly 
to schools and colleges, aggregated ZA fcl specimens, while over ^000 
more were used in procuring additions to the collections through ex¬ 
changes Material sent for study to collaboratons of the Muslim and 
other specialists amounted to ifl,S51 specimens, mainly zoological* 
During the approximate three mouths that the nut oral history 
build tug was open the attendance of visitors was MjHO for week 
days and 3S,CU0 for Sundays, an average of 1,1 ID for week days and 
2 j 7&8 for Sundays. From November 10 to April G tho opening of 
the? arts and industries building was extended to include Sundays as 
well as week clays, the attendance there for the year being k 22^32T on 
week days and 40.005 on Sundays, a daily average of 721 for the 
former and 1,315 for the latter. At the Smithsonian building the 
totnl attendance was 101,504, with a daily average of 321 pcraonR 
Tha publi^tions of die year, consisted of two annual reports' 
those for 10H and lOlS, two volumes of proceeding* four bulletins 
and a sepnmto The total distribution nf Museum publi¬ 

cations during the year aggregated 118,332 copies. 
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The Museum library increased by 2,172 volumes and 2,614 
pamphlets and unbound papers, mainly procured by gift or exchange. 
Among the more important acquisitions was a set of catalogues of the 
art collections of J. Ficrpont Morgan, presented by J. Piorjiont Mor¬ 
gan, jr., the valuable library of Dr. Richard Rathbun, relat ing to tho 
museums of the world and to natural histofj subjects, the gift of 
his heirs, and the 12 volumes of its Humanistic Scries, donated by 
the University of Michigan. The library now contains 54,685 vol¬ 
umes and 87,105 pamphlets and unbound papers. 

Respectful! y submitted. 

IV. de C. Ravenel, 

Administrative Assistant to the Secretary 

in charge C. S. National 3fvscum. 

Dr. CnASJiES D. Waucott, 

Secretory of the Smithsonian !nstitulion-, 

Auorsr 25, 1912. 
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REPORT ON THE BUREAU OF AMERICAN ETHNOLOGY. 

Sin: In respaiL^ to your mpacsl I huve the honor to submit the 
following report on the researches ond other operations of the Bureau 
of American Ethnology during the fiscal year ended June 30, 1010, 
conducted in accordance with the act of Congress approved July 1, 
lfllfl, making provision for sundry civil expenses of the Government, 
and following a plan submitted by the chief and approved by you as 
Secretary of the Smithisoman Institution. The act referred to con¬ 
tains the following item: 

Aiiiprlnm ethnology: For rosulnulug ethnological researches muon); the 
American Indiana pint Ihc native* of Hawaii, Ineluiling the eieavntlon ant] 
preservation of arrfurctogte remain!', under liio direction of tb= Smithsonian 
Institution, Incturlltitf nt'ccfautry employees nmt tin* purvluise of nw™?nrf books 

jind jHiTltnllml-i. $-12,000. 

The ethnological and archeological researches of the stuff which 
are considered in the following report being by law restricted to the 
American Indians thus from necessity are more or less limited in 
scope, but notwithstanding this limitation and the intensi ve wort that 
has been done in the past there is no indication that this field has been 
sufficiently cultivated or is approaching exhaustion. It is evident 
that aboriginal manners and customs arc rapidly disappearing, but- 
notwithstanding that disappearance much remains unknown, and 
there has come a more urgent necessity to preserve for posterity by 
adequate record the many survivals before they disappear forever. 

The remnants of languages once spoken by large populations have 
dwindled to survivals spoken by one or more centenarians, and when 
they die these tongues, if not recorded, will be lost forever. Such a 
fate nearly happened with an Indian language in Californio lost year 
on account of a contagious disease, but fortunately, through the field 
work of one of our staff, it was rescued before its extinction. 

The continued study of the material culture of the Indians has a 
practical economic value. Certain food plants, like maize, and fibers, 
like henequen, have already been adopted from our aborigines, anti 
there arc others of vast economic value which await investigation 
Ethnological studies of our Indians along these lines are brinr, ma( l e 
by the members of the staff. 

Another instructive line of work the past year relates to the history 
of thp Inumn* I Kith before nnd nfipr the advent of the Europeans. 
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Such studies tend to a broader appreciation, of racial character und 
bare special value when we reflect how rupidlv the Indian population 
is merging into American life. The cravat ion anti repair of pre¬ 
historic monuments in our Southwest is enlarging our knowledge of 
history as well as attracting more and more tourists and replacing 
threadbare prejudices with saner ideas of I nd ia n possibilities in many 


lines. 

The logical results of the events of the last years appear in the calls 
for information made on the staff for accurate knowledge of other 
races besides the American Indian. It needs no prophet to predict 
that the future will demand an extension of the bureau work to other 
races. The calls for ethnological information on the Indian during 
the past year bare been many and varied and considerable time of 
the ethnologists has been taken up in answering the many requests of 
this nature that are made. The chief has given much time to admin¬ 
istration and routine work. 

In addition to administrative duties the chief has been aide to 
devote considerable time to research work in the field ntul has pre¬ 


pared for publication several scientific art ides, the largest of which 
will soon be published us Bulletin So. TO, These field researches are 
in accordance with the above-mentioned act of Congress, which in¬ 
cludes the excavation and preservation of archeological remain,-. 
In September he took the field, continuing his explorations of tlio 
castles and towers of the McElmo and tributary canyons in south¬ 
western Colorado, extending his studies westward into southeastern 
Utah ns far us Montezuma Canyon. Tim object was to determine 
the western horizon of the area of the pure typo of pueblos an<l cliff 
dwellings, and to investigate the remains of antecedent peoples from 
which it sprung in order to obtain data bearing on the question of 
the origin of the San Juan drainage culture. The country traveled 
through is especially rich in prehistoric towers and castellated build¬ 
ings. but contains also many clusters of mounds formed bv fallen 
walls of large communal buildings, many of which were wholly or 
partially unknown to science. The work was largely a reconnaissance 
and no extensive excavations or repair work was attempted. Special 
attention was paid to the structure and probable use of towers which 
are combined with cliff houses like Cliff Palace, or great villages like 
those of the Mummy Lake and upper Sun Juan and its tributaries. 
Among the most significant new towers discovered were two found 
in McLean Basin, near the old Bluff City trad not for from the State 
line of Utah and Colorado. The McLean Basin rum has a rec¬ 
tangular shape, with a round tower on one corner and one of semi¬ 
circular form on the diagonally opposite angKeaeh l.i feet high. 
The building on which these towere stand must have pnsenfcd a 
very exceptional appearance in prehistoric tunes before .* walla 
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had fallen. Another ruin found in a cave in Hand Canyon i* in¬ 
fract ive on account o£ ir$ lining the only one yet found with a 
single kivu of the unit type. It was probably a ceremonial cave, 
the room showing scanty evidence of baring been inhabited. 

One of the discoveries made was the recognition that the build- 
mgs on Me Ehnti Bluff had a crude masonry characterized by itoncs 
mi on edge, the wtills being made of adobe and logs. The stones 
of one or more rooms on dim site were large, indicating niegulithie 
fctone houses* AH the data assembled indicate that they antedated 
the fine horizontal masonry of the pueblos and cliff dwellings. 

While in the field the chief carried on a correspondence with Mr. 
Van Kleeck. of Denver,, owner of the Aztec Spring Ruin, which led 
to that ruin feeing presented to the National Park Service and later 
accepted by the Secretary of the Interior. The presentation of this 
interesting ruin to the Government is important and It is to be hoped 
I hat it will later be excavated and repaired and thus present an addi¬ 
tional attraction to tourists and an important aid to the archeologist 
in the interpretation of this type of southwestern ruin. 

In May the chief visited Austin, Tex*, and inaugurated work on 
the antiquities of that State* the nrdunilogy of which has been 
neglected. This work is now being prosecuted by Prof* J. E. Pearce, 
of the University of Texas, and bids fair to open up a most instruc¬ 
tive chapter In a field of which we know comparatively little* Im¬ 
portant discoveries have been made in the aboriginal workshops and 
village sites at Round Rock and near Austin, where fine flint imple¬ 
ments are very abundant The work will be continued into the 
timbered region of eastern Texas, where we find pottery related to 
that of Louisiana and Arkansas and evidences of a radically differ¬ 
ent prehistoric culture from that of central Texas. 

Mr. James Mooney, ethnologist, at the beginning of the fiscal year 
was at his former field of labor among the Kiowa and associated 
tribes of western Oklahoma, where several months were devoted to 
tha collection and revision of material and observations of cere¬ 
monies among the Kiowa, Comanche, Kiowa Apache, Cheyenne, 
Arupaho, Caddo, and Wichita in continuation of studies of their 
aboriginal heraldry, social and military organization, and religion* 

Since his return to Washington in November he has been employed 
chiefly in the coordination of material obtained in the field and In 
the compiling of data for reply to current letters of ethnologic 
inquiry, " & 

Dr John EL Swan ton* ethnologist* devoted a considerable part of 
his time during the past year to the collection of material from 
pubh>licd sources for a study of the economic background of the life 
of Ihe American Indians north of Mexico* This involves an exami- 
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nation of the sources, location, anti quantity of food supplies and of 
now materials used in the industrial li fe of the various tribes—mate- 
rials of wood, stone, bone, shell, etc. In, this way it is hoped that a 
more complete unde rs tan ding of the densit}" and distribution of the 
prehistoric population may he reached, and the location and -sig¬ 
nificance of trade routes established, A clearer idea b also sought 
of the shifts in population undoubtedly brought about by the intro¬ 
duction of corn. Without some study of the kind no pro|>er estimate 
of the social and religious institutions of the people of prehistoric 
America is possible. 

lib work on the languages of the Indians of the lower Mississippi 
Valley has been continued, and at the end of the year it was directed 
particularly to the preparation of a grammatical sketch of the 
If a tolled language from materials collected by him during the lost 
10 years from one of the three surviving speakers of that tongue, 

In April Dr. Swanton visited Oklahoma in order to collect addi¬ 
tional information regarding the little understood and now almost 
forgotten social systems of the Choctaw and Chickasaw Indians* 
Although small in bulk, the material obtained in the course of the 
investigation is valuable- It has already been incorporated into a 
manuscript paper on the social organization and social customs of 
the Indians of the Musbhogcon stock. During the trip he also 
secured the services of an educated Chickasaw in writing tests in 
hb native tongue, and one of these has already been received* 

Before his return to Washington, Dr, Swan ton visited Amuhirka, 
where ho learned that the language of the ETichni Indians is on the 
point of extinction, and began the collection of a vocabulary. He 
has made arrangements for more extended work upon this language 
In the falL 

He has submitted two papers for publication during the year, 
first a philological paper entitled n A Structural and lexical Com* 
purism of the Tunica, Chitimacha, and Atakapa Languages,” which 
is being published as Bulletin GB, in which he believes he has shown 
the relationship of what had hitherto been classed as three inde¬ 
pendent slocks; and, second, an extended historical study of the 
Creek Indians and their neigh bora. 

Mr* J. X. B- Hewitt, ethnologist, on his return from field work, 
July 5, 1918, took up die final reading of the proofs of his report in 
the Thirty-second Annual Be port of the Bureau of American Lth- 
jiology* These proofs were sent to the Printing Office November 0, 
1918, and the printed report was ready for distribution May 13,1910, 

At tliis time ho also took up the work of preparing for the press 
the texts, with free find interlinear translations* of an Onondaga 
version of the Myth of the Beginnings the Genesis Myth of the 
ImjU'JULU peopled, as the second part of Iroqnoian (. osnioln^j r the 
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first part having been printed in the Twenty-first Aitnunl Keport of 
the bureau. Hie copying rtf the pencil text was completed, aggre¬ 
gating 310 typewritten pages. This includes the supplementary 
mytli of much later date than the accompanying version of the Myth 
of the Beginnings* The most interesting feature of the supplemen¬ 
tary myth is the naive description of one of the most remarkable, 
figures developed by the cosmic thinking of Troqnoian poets. This 
potent figure, in whoso keeping are life and the endless interchange 
of the seasons, is most striking In his external aspect—one side of his 
body being composed of living flesh and the other of crystal ice. In 
the longer preceding myth, to which this is supplemental the Master 
of Life is an independent personaga, and so also is his waited brother, 
the Master of Winter, the Winter God, whose body is composed of 
crystal ice. The Life God. or Master of Life, controlled the sum¬ 
mer* and his brother, the Winter God. controlled the winter. So m 
this peculiar figure there appears the inceptive fusing together of two 
hitherto independent gods who were brothers because they dwelt 
together in space anti time. 

This remarkable figure Is, in fact, the symbol of the absorption of 
the personality—tiie functions and activities—of the Master of 
Winter (the Winter God) by the Muster of Life and his powerful 
aids, manifested In the power of the Muster of Life (the Life God) 
to save and to protect from dissolution and death liis many wards, 
all living things that comprise faunal and floral life. This fact 
emerges from the experience of the human race from year to year. 
This submergence of one divine personality in that of another is a 
process of eo-unie thinking encountered in the mythic philosophy of 
other races. This figure, as described in this text, is worthy of inten¬ 
sive study by the student of comparative mythology' and religion. 
The pencil text* of these myths aggregate 1,007 pages and the type¬ 
written 3IG pages. The tentative draft of the free translations of 
these texts aggregates 230 pages of typewriting. Some work was 
alsso done in supplying the first test with a literal interlinear trans¬ 
lation. This will be ready for the press at an early date. 

Mr. IlewlLt also continued work on his league material, in which 
he completed the copying of the corrected and amended native text 
of the tradition of the foundingof the Iroquois League, or Confedera¬ 
tion by Deganawida. making 180 typewritten pages, and also the 
amended and corrected text of the Chant of the Condoling and 
Installation Council, detailing some of tho fundamental laws of the 
league; thb occupies 13 pages* 

Upon request. Mr, Hewitt also submitted an article on the League 
of the Iroquois and Its Constitution for the Annua] Beport of the 
Smithsonian Institution - it occupies 30 typewritten pages. 
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Mr. Hewitt lws also attended the meetings of tin? United States 
Geographic Board, on which he represents the Smithsonian Insti¬ 
tution, 

As custodian of manuscripts, Mr. Hewitt has charged out and 
received hack such items os were required by collaboratora, 

Mr, Hewitt abo sjient much time and study in the preparation of 
matter for official replies to letter* of correspondents of the bureau 
or to tho&o which have been referred to the bureau from other depart¬ 
ments of the Government, 

On May I 2, 1919, Mr. Hewitt left Washington on field duty. Ills 
first stop was on the Onondaga reservation, si tutted about S miles 
south of .Syracuse, N. Y. There he was able to record in native test 
all of the doctrines of the great Seneca religious reformer. Skanyo- 
daiyo (** Handsome Lake ”). This is an important tost, as it will 
serve to show just how much was original native belief and how 
much was added by the reformer from his impressions formed from 
observing the results of European intrusion. This test contain* 
about 14,000 native terms. He also recorded the several remnant 
league rituals and chants which are still available on lids ri*crva- 
tiori. But they nre so much abbreviated end their several parte so 
confused and intermixed one with another that with thcce remains 
alone it would be absolutely impossible to obtain eves an approxi¬ 
mate view of their original forms and settings—a most disappoint¬ 
ing situation for the recorder. Only the most elementary and super¬ 
ficial knowledge of the structure and constitution of the Iroquois 
League survives here. 

Having completed his projected work at this reservation, Mr. 
Hewitt went, May 31, to the Six Nations reservation on Grand 
River, Ontario, Canada. Here he resumed the analysis, correction, 
emendation, mid translate on of Ihe league texts which lie hail re¬ 
corded in previous years. Satisfactory progress was made in this 
work up to the time of the close of hui field alignment. 

I)nring the year Mr. Franci s Lahleschc, etlinologist, Joiotid n 
part of his time to the task of assembling his notes taken at the time 
of his visit among the Osage people in the month of May, L'lS, 
These notes relate to the tribal rite entitled Gn-bi'-ge O-kV, The 
ifito of the Chiefs. The ritual contain* 27 wi'-gi-cs (recited ports), 
SO of which belong to individual gentes and 7 of which are tribal. 

In this ritual is embodied the story of the four stage* of the de¬ 
velopment of the tribal government, including both the military and 
the civil forms, beginning with the chaotic Mate of the tribal exist- 


The securing of the information relating to this nte m,uire,l con¬ 
siderable tact, patience, and time, because the men familiar w,th all 
the details still regard the qWfcgMtes with reverence and superst.- 
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tious awe. The transcribing of the wi^-gi-cs from tin* dictaphone 
records and the translation of the words from the Osage into the 
English language were laborious and tedious tasks. This rite will 
soon be entirely forgotten, as It has been abandoned now for a num¬ 
ber of years, and the rescuing of it for preservation lias been timely. 

This rite, which will make the first part of the volume now being 
completed for publication* covers 1B2 typewritten pages without the 
illustrations, maps, and diagrams. 

The office of hereditary chief has been abandoned and since 1 SSL 
has been elective* 

Upon the completion of The Hite of the Chiefs, the work of ar¬ 
ranging for publication the ritual entitled Ni'-ki Wa-tho\ Song of 
the Sayings of the Ancient Men* was token up. This ritual tells of 
the origin of the people of the Ho^-gn subdivision of the Ho^-ga 
great tribal dual division* The story of their descent from the sky 
to the earth and of their subsequent movements is put into wi'-gi-o 
form and recited at the initiatory ceremonies* Each gens has its own 
version of the story and has in it a proprietor)' right* a right that in 
olden times was not infringed upon by the others. 

Mr, LaFlesche was fortunate in becoming acquainted with an 
Osage by the name of Xu-thft'-watoM B and of winning his friend¬ 
ship, This man belonged to the Tsi'-zhu Wa-un" gens of the Tsi'-zhu 
great tribal dual division* Without the slightest hesitation he recited 
for Mr. LftFlesche the Ni'-ki Wi'*gi*e of Ids own gems, and he also 
gave with it some of the shorter wi'-gl-es that accompany certain 
ceremonial nebs of the ritual* 

These origin rituals when completed will cover more than 220 type- 
written pages, to which two abort wi'-gi-ea of a like characier, nearly 
ready, will be added. Theae pages added to those of The Bite of the 
Chiefs will bring the number of typewritten pages* without the illus¬ 
trations, dose to 430* 

Tim Fasting Ritual, which was completed some time ago, and 
covers pages, exclusive of the illustrations* and the two rituals 
above referred to, will make the first volume of a projected work on 
the Osage tribe. 

On July l t Dr. Truman Michel son, ethnologist, visited Tam it, 
Iowa, and completed his field work on the grammatical analysis of 
the text of K The Owl Sacred Pack of the Fox Indians,” On his 
return to Washington he worked out a practically exhaustive list of 
verbal stems and submitted a manuscript for publication* He also 
observed mortuary customs under peculiarly fortunate conditions 
and obtained a number of texts written in the current syllabary on 
mortuary customs* eschatology, etc. He restored phonetically and 
translated* with n few exceptions* 310 personal names. He verified a 
previous discovery that certain gentes have their own peculiar names 
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for dogs miJ horses, anil translated 127 of these names lor a forth¬ 
coming paper on Fox sociology. Dr. MicbeJson finished the correc¬ 
tion of Jones’ Qjibwa Texts, part 2, which with part 1, previously 
corrected by him, will form the basis of ft proposed sketch of Ojibwa 
grammar. During the fiscal, year he also from time to time furnished 
datft to answer official correspondence. 

The loginning of the fiscal your found Mr, J, P. Harrington, 
ethnologist, at Taos, N. Me*., engaged in the correction and comple¬ 
tion of liis manuscript on the Tiwa language. The Taos material of 
the late Mrs. M. C- Stevenson, which is of considerable bulk and great 
value, was also checked up anil made more complete, especially in its 
linguistic aspects. The dose genetic relationship of the Tanunn 
dialects of New Mexico with Kiowa is remarkable, a very large num¬ 
ber of stems mid affixes having practically the- same sound, while the 
grammar runs parallel throughout. Certain subtle and unusual 
phonetic hardenings occurring in these languages make it impossible 
to assume anything but common descent from a not very remote 
ancestral tongue. These discoveries open up far-reaching specula¬ 
tions and problems with regard to the origin of the T tieblo Indians, 

In August Mr. Harrington proceeded to southern California, 
where lie continued his studies of the Chumashan Indiana, most of 
the time being devoted to the Ventwnmo, which was also the dialect 
most successfully studied. During the course of the work the Iswt 
good informant on the language of La Purisimu died. Important 
information was recorded on the ancient customs attending birth, 
marriage, and death, and some idea was gleaned of the manner 
of conducting primitive pre-Spanish fiestas. Data on native foods 
was also obtained, including detailed descriptions of lhe prepa¬ 
ration of acorn and other vegetal foods in this region, information 
on these processes having never before been, recorded. For example, 
in the preparation of acorns various species were employed* *nd 
certain individual trees were noted for their preferable fruit, but the 
final palatablencss of the acorn mush depended largely on the pa¬ 
tience and skill of the woman who prepared it A kind of acorn 
bread was also prepared by cooling the mush in small molds which 
were placed in running water. Certain other vegetal foods, as the 
pit of the isdav or California wild cherry, required long and com¬ 
plicated preparation. As primitive beverages may bo mentioned 
toasted chin or similar seeds stirred up with the fingers m cold 
water; a satisfying drink made by soaking the bark of the ash in 
water; blackberries crushed in water; and a drink prepared from the 
fruit of the manzaniLa. A delicious sugar was obtained from a 
species of reed, and the fruit of the juniper was ground into a sweet, 
yellowish food. Interesting mulches of information reveal the 
former plenitude of fish and game. Fishing paraphernalia was evi- 


46 


ANNUAL REPORT 3WTRS0KtAK INSTITUTION, 1UL»* 


dently quit* highly developed* both nebs and harpoons having liccn 
in use* but the whale was not hunted, although the flesh uf stranded 
whales whs eagerly made Use of, 

Mr. Harrington returned to ^Washington at the dose of May and 
spent the following month in the preparation of manuscript material. 

SPEGUJj RESEARCHES. 


Dr. Fnmz Boas* honorary philologist, has been engaged in the 
correction of Ihc proof of the Thirty-fifth Annual Report. Contin¬ 
ued cOirtepondcitcr with Mr. George Hunt, of Fort Rupert* Van¬ 
couver Island, has added a considerable amount of new material 
to the original report. 

Preparatory work for the discussion of the ethnology of the Kwa- 
kiutl Indians was also continued during the present year. A chap¬ 
ter on place names and another one on personal names and material 
for maps accompanying the chapters on place names ha* been sub¬ 
mitted. Thanks are due to Dr* Edward Sapir T of the Geological 
Surrey of Canada, through whose kindness the detailed surveys of 
lIjeh land office of British Columbia have been utilized* Other de¬ 
tailed maps showing tin* distribution of garden beds and charts 
mastrating the genealogies of a number of families have been pre¬ 
pared. 

After the unfortunate death of Mr. Haeberlin, the work on the 
Salish material was transferred to Miss Helen IT. Roberts, who, in 
the course of the year, completed the study of the basketry of the 
Salish Indians, A considerable amount of additional information* 
the need for which developed during the work, was supplied by Mr. 
James Teit, who, at Dr, Boas T s request, and following detailed 
questions, reported on special aspects of the decorative ait of the 
Thompson Indians. This work bus 1 xxm carried on with the con¬ 
tinued financial support of Mr. Hcmer E + Sargent, whose interest 
in ethnological work in the Northwest has already furnished most 
important material. During the year the work on the map accom¬ 
panying the discussion of the distribution of the Salish tribes was 
also completed. 

Work on the second part of the Handbook of American Indian 
Languages also progresses. The completed sketches of (he Alsea 
language, by Dr. Loo J* Frachtenberg, and that of the Palate, by 
Dr. Edward Sapir, were received by the end of the preceding fiscal 
year, and the editorial work on these sketches 1ms nearly been com¬ 
pleted. These two sketches and that of the Ktitenaj' which has 
partly been written, will complete the second volume of the Hand¬ 
book. 


Dr. Walter Hough, curator of ethnology, was detailed to continue 
archeological work m the White Mountain Apache Reserve Arizona, 
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on rains racODliftittrsd in 1018- Dr. Hough wbs aided in his field work 
bj Mr* Unil Mrs. S. W. Jacques, of Lakeside, by whom Iub work was 
much facilitated. Fide! work was especially devoted to the ruins 
called by the Apaches Xustegge Toega, H Grasshopper Spring” and 
clusters of sites in the near vicinity which fonn a very large group, 
indicating extensive intermingling of cultures. The main cluster 
stands in the open green valley and consists of two great heaps of 
stones covered with squaw bush, walnut, juniper, and pine, with occa¬ 
sional fragments of projecting walls, evidences of two large compact 
pueblos separated by Salt River drew. The west village (four or 
five stories high) lias a court near the south end, 90 by 140 feet, con¬ 
nected with a small plaza, and covers more than an acre. The east 
village is more than half an acre in area. North of the west village 
is a plaza 300 feet long, Hanked in part on the west by an isolated 
dun house of 18 rooms. The flis ruius in the duster that may lie 
regarded as clan houses differ in size and arrangement of moms and 
in goner*! show considerable skill iu construction. A third form of 
building west of the large village is indicated by large rectangular 
areas outlined with building stones scattered over the level ground. 
The foundations are of four or five courses, but never were buried 
more than 13 inches, indicating that they did not support a heavy 
superstructure. Two lenticular rubbish heaps, measuring CO by 73 
fret and 4 feet high, lie on the meadow 100 yards south of the walls 
of the large village, A feature of Pueblo masonry discovered here 
was retaining walls of quite large stone set on Ixsdrock, apparently 
intended to counter lateral thrust of heavy walls. Several rooms 
were cleared out by Apache laborers under Dr. Hough’s direction 
and many artifacts and soma human skeletal material were ob- 

Mr Neil M. Judd, curator of American archeology, prosecuted 
archeological field work in certain caves in Cottonwood Canyon 
which Le had visited in 4915. Tie successfully investigated five pre¬ 
historic ruins in Cottonwood Canyon raves during the two weeks m 
which work was possible. Walls of houses were found to tie built 
entirely of adobe, as well as the customary structures made of stone 
bound with clav mortar Associated with there dwellings were rooms 
of si ill another type—houses whore walls consisted of vertical posts 
set at intervals and joined by masses of adobe. It will he noted that 
all three types closely resemble those structures exposed i unng e 
excavation of mounds in central Utah and prevmusly reported. 

The dwellings in - Kiva Care - fora, the best preserved cliff village 
yet visited by Mr. Judd north and west of tholho Colorado. Two 
U the four houses visited are pra ctically mtact; the cere monial 
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chamber, from which the ruin takes its name, being in excellent con¬ 
dition. although constantly exposed to tile snow and summer ruins. 
After excavating this cave considerable restoration was attempted in 
order that walls weakened by action of the dements and by thought- 
less visitors might be preserved for years to comp. At the suggestion 
of Mr. B. A. Itiggs a fence was constructed around the house to keep 
cattle from that portion of the cave. 

Buildings with masonry walls were also found in u Ruin Cave,” 
but In this case were built directly upon remains of other structures 
of an entirely different character. The latter are usually circular 
and their walls were formed of posts to which horizon hi I willows 
were bound at intervals of T or S incites; adobe mud was pressed 
between these posts and over the willows, but additional and I a Eger 
supports were required to take the great weight of Lhe roof, Al¬ 
though these structures lie generally beneath the stone houses, it is 
evident that both types were built by the same people and the oc¬ 
cupancy of the cave was at no time long interrupted. 

Prehistoric house remains were also found in each of the other 
three caves excavated, but they consisted chietly of small rooms with 
walls constructed entirely of adobe. Still other ruins were discovered 
high up under the ledges that lie on either side of Cottonwood Canyon, 
but unusual conditions prevented examination of ihaa* . 

Upright sandstone slabs invariably form the inner base of the walls 
in ruins throughout the region under consideration, a fact which con¬ 
nects them with the so-called “ slab-house ” people of the San Juan 
drainage. Whether there is, in fact, any justification for this term re¬ 
mains yet to 1» proven, but Lhe cultural relationship of the prehistoric 
peoples in southwestern Utah with those south of the Rio Colorado 
is at last definitely established. 

The bureau purchased from Miss Frances Den&morc papers on 
“Chippewa Remedies and General Customs n and “ Chippewa Art." 
Tlie latter urtido has 1 U pages, with 42 pages of old Chippewa de¬ 
signs and numerous photographs pertaining to industries, medicinal 
plants, customs, and toys of children, games, processes of wearing 
tanning, and other industries. The lists of plants were identified bv 
Mr, Paul C. Standby. 

Miss Deuamore likewise submitted much new manuscript material 
on the music of the Man dan, Hidatsa, and Pawnee. With this addi¬ 
tion her account of the Mnndan-Hidatsa music contains &40 piigw 
more tlims 10 illustrations, and two new forms of graphic representa¬ 
tion of their progression. This article is now ready for publication. 

An important field of aboriginal music thus far not sufficiently in¬ 
vestigated is among the Pawnee, While engaged in the studv of the 
music of this tribe at Pawnee, Okla.. Miss Dmsmore witnessed a 
Hand Game, the Buffalo. Lam®, and two Victory dances, and |- ltcr 
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F&eordfcd on the phonograph the numerous songs sung at th& three 
first g«ffr*rt ngff> This material., with musical transcription tabu luted 
and deseriptiTe aualyse-s hns been purch&sfld by the bureuu. 

Dr. Ales Hrdli&m, curator of physical anthropology, was detailed 
to make an examination of the archeological remains of southwest* 
era Florida, especially of the shell heaps along the coast south of 
Key Marco, a region very little explored by archeologists’ and one of 
the least known sections of that State- In spite of difficulties, Dr. 
Hrdlifka’s Held work was successful. He visited several groups of 
shell heaps of large size as yet unrecorded and opened up a most in¬ 
structive field for future exploration in a report which has been 
presented for publication, lie also made highly important observa¬ 
tions on physical features of the remnants of Indians that still in¬ 
habit the little known regions of Florida. 

Mr, David T. Bushtiell, jr., continued the preparation of manuscript 
for the Handbook of Aboriginal Remains East of the Mississippi, 
adding various notes to the manuscript lie likewise added about 30 
pages to the manuscript entitled “ Native Villagw and Village Sites 
East of the Mississippi,*' now being printed an Bulletin GO 1 . During 
the same period he completed a manuscript bearing the title “ Native 
Cemeteries and Forms of Burial Fast of tlw Mississippi,” which is 
to appear as Bulletin 71 of the bureau series. 

With an allotment from the bureau Mr. Gerard Fowke lias been 
engaged in special archeological investigations in the Ozark region 
of central Missouri. His careful detailed studies have been confined 

to the numerous caves tn that region. 

If ” cave men.” using this term to designate the predecessors of any 
race or tribe known to history, ever existed in the Mississippi Valley, 
we would find in no part of it natural features better adapted for Ins 
requirements than the Ozark Hills, but so far not tile slightest trace 
of bis presence has been revealed. Products of human industry have 
been reported as occurring under other conditions at great depths, 
oven at the bottom of the loess, though in all such cases there is some 
uncertainty os to the correctness of the observations. On the con¬ 
trary whatever mav be the*dcpth of the deposit containing them, the 
artificial objects exhumed are uniform in character from top ra bot¬ 
tom. The specimens found on the clay or solid rock floor are of the 
same das as those barely covered by the surface earth. Moreover, 
when they ceare to appear they cease absolutely. 

Bv careful search in the raves and rock shelters of which the In¬ 
dian known to history availed himself extensive and interesting 
museum collections can he made. To find an corker man it will be 
necessary to investigate caverns which he found suitable for ottu- 
panev and in which the accumulation of detritus, from whatever 
source, 1ms been sufficient to cover his remains so deeply that they 
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can not be confused with those of a later period, and it may be neces¬ 
sary to discover with them bones of extinct animals, No examina¬ 
tion of a cavern is complete unless ft depth is reached where glacial 
deposits are undeniably of such age as to antedate tins possible ap¬ 
pearance of man upon the scene. The Ozark region promises im¬ 
portant revelations in the study of prehistoric man in America. 

Air. Fowke has thoroughly investigated one of the caves in this 
region and has prepared an important report on his work which w ill 
later be published by the bureau. He has also transmitted to the 
National Museum a collection which is the largest yet obtained from 
this locality. The results of the work thus far are technical and can 
not be adequately stated in this place, but arc not only very important 
additions to the archeology of the region investigated but also highly 
significant in comparative studies of ancient man in North America. 

manuscripts. 

In addition to the manuscripts submitted for publication by the 
bureau there was also obtained by purchase an article by Mr. C. S. 
Simmons dealing with the Peyote religion, 

EDITORIAL WORK AND PUBLICATIONS. 

The editing of the publications of the bureau was continued 
through the year by Air. Stanley Scnrles, assisted by Mrs. Frances 
S. Nichols- The e lotus of the publications is presented in the follow¬ 
ing sum niary: 

nHuumra 

ThirilMGcmd Annual Repm —tecompfuiYlng paper: &etiera Fiction, Le^ 
mil-% anil Mytha (Hewitt ned Curtin). 

Bulletin Kutenoi Tales (Boas). 

Britain fij.—Teton Stem Music (Densmore), 

f i n —The Maya JndioiLs of Sou them Tucntau and Northern British 

Honduras (Gann). 

Bulletin CJ.—Aithrcol^Eicil Esfllnrntlons In Northeastern Arizona (Kidder 
and Gueraser). 

BufleJJrt 66— Recent Discoverlea of Remain ei Attributed to Early Man in 
America (HrdUtfhaU 

LUt of puSIvcoftart* of the &HrFfii. 

Inf redact fcttt to Seneca Fiction, Legend*, end l!gtt\& From Thirty- 

second Anann( Report (Hewitt and Curtin). 

PrUUC ATEONa 15 FBE63 OB IN i’lEFAfttfHHEp 

TAfrfjr-thinf /Utiiirqf Report .—Accompanying papers: (1) Uses of Plants by 
the Indiana uf the Missouri River RepSon CGI I more) ; (2) Preliminary Account 
of the Antiquities of the Region between the iSancos ami Le Pinto Rivera in 
Southwestern Colorado (Mortis) ; (3) Design* oh Frcktatofle Hopl Pottery 
(Fewkes) ; {d) The Ha wall nn Romance of Lafelknwiti (Beckwith) + 

TMrfy-fourth Annuel Report .—Accompanying paper; Prehistoric I el and oil- 
tute atfus of America iFewkeas)* 
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Thirty-fit Ik Annual Report -—AccOPipaDjing r^I* t ' r: EHuUHegy oi 0,6 KwnWutl 

Thirty-tilth Animat f&rporf.— AecOmpanyiag l«H“r : Early History of Hie 

('tfck iDiliniH nml IbnHr NolfiWafti (Suftfltonl. ._ 

BvUci : n 40— Fart £: Handbook of American Indian Ijuigour ■ - ■ 

BiiwSfik-HpwJbook of AftorigtasI American Antiquities: I art 1. IwrMac- 

tian; Tl» Utbla IndMtrie* (Holmes?* 
fluffclrn (J7 — AJsefi Taxt* Utnl Myths IFraehtcnbers). 
2 E£ 2 £!iml and Lesi.nl Camparis of the Tuniee. CRUMadu. 

^^S.^Xo^Va^ D TI,H. ee Slice East of the W <*»*>• 

^itnTtf H» re.—Pwhlelerlc Tilley. Cities, end ®"*" 

BulZn 7j.-!fatl*v Cemeteries and Form# of Bartnt Fart of the Missis 

tfpffll (BufibaeU), 

DLsm ntrrio]i ow rtfSUCATiofra. 

The distribution of the publications has been comkiii&J under 
tbe immediate charge of Miss Helen Munrw, assisted by Miss Lmtna 

H. Powers. 

Publications were distributed as follows; 


Rtporta and. separate*^— - - ■ - - - 

Bulletins and separates-—-— — — - 

Contributions to North American Ethnology- — 

IntroductEotia - - -— 1 —— 1 

Mlsoella nernia „ — -———— - — - - 


712 

8.440 

10 

10 

m 

ll t 4B3 


As compared with the fiscal year 1918, ftens was an mcreuof 
i ir.j) publications distributed. This was doubtless due to the fm 
that whereas in the fiscal year 1918 only Bulletin 03 was distributed 
to the mailing list, during the fiscal year 1919 there were distributed 
to tiie list Bulletins 59, Gl, 64, and 00. and the Thirty-second Aimua 
Report. Fourteen addresses have been added to the mailing Ut 
during the year and 3G dropped, making a net decrease of 22. 

illustrations. 

Mr DeUnrev Gill, with the assistance of Mr- Albert E. Sweeney, 
rationed the preparation of die illustration; of the bureau 
rt” Zll tb»e to photogr.phj of visiting Indiana A «, of 
this work follows: 

Negatives for publication work-- 

Negative films esiwsfnl in flaid-- 

PbrntoRmplHc prints..--—__ 

Photostat coplea--— - ----' ' ___ 

Drawings for publication-— ^ ' ~__ 

IHuatmtlcos maile randy for engra\lDg-- - - 

w«>« 0 ^- 


1SS 

228 
603 
_ 123 

200 

_ , 2.000 
310 

_ 10.000 


24452 
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LIBRA HT, 

The reference library continued in the immediate charge of Miss 
Elk Learv. assisted by Mi*. Charles B. Newman, who was absent a 
short time in the military service. 

During the yet.r 3S0 books were accessioned, of which 00 wore 
acquired by purchase, LOO by gifts and exchange, and 130 by the 
entry of newly bound volumes of periodicals previously received. 
The periodicals currently received number about 760, of which 25 
were received by subscription and 735 through exchange. In addi¬ 
tion, the bureau acquired 210 pamphlets. The aggregate number of 
books in the library at the close of the year w as 22*560 j of pamphlets, 
about 14,248. In addition, there were many volumes of unbound 
periodicals. The publication of various European periodicals de¬ 
voted to anthropology has either been suspended or has ceased. 

The number of hooks bound during the year was 350. It has been 
almost exclusively work upon the current material—serials grouped 
into volumes and new accessions in paper covers. 

Correspondence relative to new exchanges and missing parts of 
serial publications already in the library was carried ou as in pre¬ 
vious years. Considerable time was given to research work, which 
frequently calls for the preparation of bibliographic Lists for corre¬ 
spondents. 

In addition to the use of its own library, it was found necessary* 
to draw on the Library of Congress from time to time for the loan 
of about 400 volumes. The Library of Congress, officers of the execu¬ 
tive departments, and out-of-town students have made use of the 
library through frequent loans during the course of the year. 

The need by the library of additional shelf room is becoming more 
and more acute. Each day the congestion increases. We have filled 
almost every available foot of shelf space and we are sorely in need 
of more room. 

The recataloguing of books from the old author (card) catalogue 
to a new subject catalogue has continued, and as a result the year 
shows a marked increase in the total of cards filed in the catalogue 
records. 

The Monthly Bulletin for the use of the bureau has been continued 
throughout the year, 

COLLECTIONS. 

The following collections acquired by members of the staff of the 
bureau, or by those detailed in connection with its researches, have 
been transferred to the United States National Museum: 

Twn skcletora with stalls, fotiml on ihc property of the Roxana Petroleum 
Ctt. nr Oklahoma, South Wood River, IlL, and presented by it to tills bureau. 
(02630.) 
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Twelve prcklttortc pottery **■*> found in HuasL« motmd* and P"*^* to 
Dr. J. Waller Fowfc™ by air. John M. Muir, or Tampito. Meslcn. 

Thirty-one urcteoleglciil spedmena obtained by Mr. i-. W. Hodge at Hti" k , 
N. Slot, in 191?, ns pun or the eocpeniOw work of the Bomm of American 
EOiiK.]«Ky and the Mnaeurn of the American ln^nn Weye Fonmlutlon). 

^trty archeological *pedm«ns :.ad m •'"jL 1, !” 

In Arisuna; collected for the bureau by Dr. Wat Lor Homth n 101S. 

Two tmndrad and etehty-elght archeological siH-rimons arid two tuts of ■keletoJ 
material from Gourd Crook, Mol; collected by Gerard Fowke In 101S. {(5313T.) 

**i£d£!ofriag wlth embedded charred cm; collected by Dr. J. Walter 
Fe«-kS. too. ft ruin In Mane* Valley, 3 mile* w«t or the bridge <m the 

Cortcs-SMp Bock Hoad. Colorado. (Q31T4) . 

Sanilatotie |ili>! round on Black Warrior lllvrr, Tn^ftloom County, Ala., and 
presented to the bureau by Mr. F, 1L Dnrift, United Stales Engineers Offlca. 

U piltar^mifrotuidat Com>CtfUadllln, Vara Gra*; pift of Dr. II. Adrian, Tam- 

nJ«o, Mexico. (C3TA) , „ __ 

Tbroc well-made clny beads from the neighborhood of ranuto, Mexico; gift 

of Mr. John M. Muir. |63!K24.) 

PROPERTY, 

Furniture wns purchased t" the amount of $128.i6, Hie cost of 
typewriting iuacl»me.s was $143.*!0, making « total of $372.16. 

MISCELLANEOUS. 

Clerical _Tlie correspondence ntul oilier clerical work of the office, 

including the copying of manuscripts has been conducted by Miss 
May s. Clark, clerk to tha chief. Mrs. Francos S. Nichols assisted 

tU There has been no change in the scientific or clerical force. 
Ifespwtfullj submittal. j Wum C hUf. 

Dr. Charles D. Wauoti. 

Secretary Smithsonian fnetitutioa. 

111373'—III 


APPENDIX 3, 


REPORT ON THE OTORNATTONAli EXCHANGES. 

Rnt: I have the honor to submit thrfr following report on the opera¬ 
tions of the International Exchange Service during the fiscal year 
ending June 30 t 1919: 

The Institution submitted to Congress an estimate of $W,000 for 
carrying on the service during the year. This amount w*s granted- 
In addition, Congress. fit the request of the institution! reappro- 
priated the unexpended balance of the 1918 appropriation, amount¬ 
ing to $712,90, together with the additional sum of $903.88, for 
payment of liabilities incurred in the maintenance of the service 
during the current fiscal year over and above the amount of the 
regular congressional appropriation. Congress also marie the usual 
allotment of $200 for printing and binding. The inpayments from 
department a! and other estnblisluncuts aggregated $1,81)8.87, making 
the total available resources for carrying on the system of exchanges 
during Lhe fiscal year 1919, $3B,fi25.4J>. 

During the year 1919 the total number of packages handled wns 
£70,890—nn increase over the number for the preceding year of 3iU4. 
The weight of these packages was 290 IS pounds—a gain of 109J093 
pounds* This Large increase in weight as cxnnparcii with lhe small 
increase in the number of packages is accounted for, in pari, by the 
consign merits received for tmnsmissiom to estaLdtahment* in Franca 
and Belgium whose libraries were destroyed during the war, and, in 
part, by the accumulations of Doited States patent specifications 
received for Great Britain, Belgium, and the northern neutrals. 
The former were forwarded in boxes unopened, ouch box being 
counted as one package only, and the latter consisted entirely of 
heavy packages. 

The publications sent and received by the exchange service are 
classified under three heads; (1) “Parliamentary documents 1 ^ (2) 
w Departmental documents (S) u Miscellaneous scientific and liter¬ 
ary publications,” 

The term 44 parliamentary documents,” ns hero used, refers to puhn 
lien lions set aside by act of Congress for exchange with foreign 
Governments, and includes not only documents printed by order of 
either House of Congress, but also copies of each publication Issued 
by any department, bureau, commission, or officer of the Government 
The Governments to which this dusa of public a tiona are forwarded 
send to this country in exchange copies of their own official docu¬ 
ments for deposit in the Library of Congress. 
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The term “departmental documents ” embraces nil of the publica¬ 
tions delivered at the institution by the various governmental do- 
pa rtments, bureaus, or commissions for distribution to their corre¬ 
spondents abroad, the publications received in return being deposited 
in the various departmental libraries, ^ 

Tho “ miscellaneous scientific and literary publications are re¬ 
ceived chiefiv from learned societies, universities, colleges, scientific 
institutions.'and museums in the United States for tnuuniittion to 
sumilar establishments in all pails of the world. 

Thu number and weight of the packages of different closes are 

. . . i p ii ’_. 


1 

Pxtacw. 


B*L 

Rorairod, 

Bait 

TlrtwfcaL 

Unlt«l SUt-rf juftUmcLoCasr nJaMnifafA t*ni aVwl * , , 
I'ahJI^lam f ila wtuni for fwrtUuinni^y texu ■ 

Ul,0 


J'cmmfa, 

Prmttir H 

h** 

3.10& 

SiAt-w deptfcTtmfin £*l du-uraeplJ s«nt abfemi--- - 
r.n ■ fwdvwi id r*tcun for dflptirtinfcfiLal dow 

05,6^' 

UBp3» 

■,»em + liH+ + o J . 

%GXi 

tiiiraUaftHMi *n4 putiHaUfoau lent 

US 


M4.md]an™n wtaUMa U** 1 lilafutr publlcotlaa .1 rt- 
«jr»l Irani ibraod for rtMrilnlition to Uu I'aSlml 



IA,»4 



1fl,4TS 

aw.au 

n r m 


7Tfl 

.tm 

asiifia 

<3ru::i — - 


1 T m ■ . _ J 


It should be stated in tins connection uuw me aHgnmj 
hv the foregoing statistics between the number of packages sent and 

s-tbSS * *», “ 'f th » rSis? 

, -■.^, ,.,1 .bred contain, » • rule, only one publ.cot.on, »h.lc 
those received io return often comprise meny volume.. In »...e .n- 
ehu.ee, cspcdJly in *'*» .fp*B»lton. »»«««*“»>*» 
mrliumro orv document* the tann " portage " .pplied te Urge 

co ntRinmjr many separate publication* Furthermore many 
returns for publications sent abroad reach their destinations through 

th UndiTt"oVa^»iter iTmMhc Dutch Exchange Bureau 
retwrtivl that five boxes sent by the institution to that burena m 
T ^ ™ mi had bren lost nt sea when the steamship by which they 
tre iSnfforwardS ^ torpedo* by the enemy. So far as re- 
Irted thfoin the fourth iu.tal.ee in whieh ennsignmenta *nt to for- 
S Vountaies bv the institution here been lost through Irast.Ic nrtiou. 

K hTs oot vet beer, possible to put the rervico ou o 
00 tar L the for.var.iing of consignment, -breed u concerned. Ship- 
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ruents in boxes tire being made as h^nt\y na present editions 
will permit to all countries except Austria, Bulgaria, Germany, *hm- 
gan% Montenegro, Eoiimania, Russia, Serbia, and Turkey It is not 
thought advisable to forward consignments to these iintil the pence 
treaties with die enemy countries are finally ratified by the Lmted 
States Government and internal conditions 1-eoome more ^utled, it 
is hoped that in the early part of the next fisud year it will Iw le¬ 
gible to make shipments to all countries. 

To seme countries transmissions were not wholly suspended for 
any long period during the war. However, as was to be expected 
during such abnormal times, the institution met with many obstacles 
in its efforts to keep the exchanges open. The charge for ocean 
freight grew to great proportions. The rata to England, for instance, 
at one time reached $5-80 per cubic foot- The charge on shipments to 
that country before the war was $0,llt a cubic f'xil, (hus making the 
increase more than thirty-sixfold. Such rates becoming too exorbi¬ 
tant, the sending of packages in boxes was discontinued, and the 
mails we re resorted to. Late in the fiscal year, when shipments were 
resumed to Belgium and the northern neutrals, the office was almost 
swamped with packages which had been accumulating for those 
countries for many months. 

The chief of the Belgian Service of International Exchanges, in 
reply to a letter addressed to him early in February asking if his 
bunion was in a position to resume the distribution of exchanges, 
stated that them were no longer any obstacles to the renewal of the 
relations which had lieen interrupted on acpnnt of the encirclement 
of iron and fire In which his country found itself during the war. 
He ridded I 

I liUouUl foil tnort iameniaMy !n my iluty, Mr, Sn-rainry, tf I did not add 
lo Utix rciily warm ttmnkB la tins naan? of the Bclutau Gtffermeeiit, la the mm 
cf cur KClLUtlflc irslabUshBwnt* and litttitutkma, and In my own name, for tin- 
extreme klmlmwi which you lime shnwn us In ifherflog for us until the jirtsent 
liaw;, all Lbe munofouii * fieri® ” kin! w coItoctSofiiJ*” mm ami iUL of Litoaihuiiblo 
vitlui-, Which the war hm prarfiniM >uti tram tqiopinlUIng to u* at tlm jiriiper 
time. 

Applications for permission to forward publications. abroad 
through tins service are being received from time to lime, loth from 
new and long-established institutions. As an illustration of appre¬ 
ciation of the value of thu service by such organizations, may be 
quoted the following extract from a communication from the Sew 
York State College of Forestry at Syracuse, acknowledging the re¬ 
ceipt of the Institution’s letter extending the exchange facilities to 
that college: 

It will mean a pond deal to ua In ileveloiiliis (lie exchange uf pobtlcatlous for 
the foresi library of tliia op>He , ¥r&r 
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Reference was made in last year’s report to the steps being taken 
bv the institution to procure for the war library end museum of 
the French Government at Paris copies of American documents, and 
other material relating to the war, for depodt in a action of that 
libmrv, to be devoted to the part taken by the United States m the 
conflict. A similar request for posters was received during the year 
from the British War Museum, and as complete sets of posters as 
it was possible to procure, have l«*?n transmitted to that museum. 
\ number of requests for publications Issued in this country were 
received from other foreign establishments, and in each instant* 
tha institution endeavored to comply therewith. 

The secretary of tha institution took special stops to assist in the 
rehabilitation of the library of tile Society of Sciences. Lilia, I-mure, 
whose collections were destroyed during the war. As a result of 
his efforts-, several hundred publications were received for transmis¬ 
sion to that library through the Exchange Service. 

Daring the fiscal year 1910, 803 boxes were forwarded to foreign 
agendo* for distribution, being an increase of SCO over the preced¬ 
ing 12 months. Notwithstanding this increase in the number of 
boxes sent, the total cumber is still far below the average for a nor¬ 
mal year. This is due, in part, to the fact that shipments in boxes 
were suspended until the 1st of February, Up to that date pack¬ 
ages were sent to their destinations by mail 
Tbo Jutes of transmission of the 303 bo-te^ forwarded to foreign 
countries are shown in the following tabic. Of these boxes 200 con¬ 
tained full sets of United States official documents for authorized 
depositories: 

Coiui'jnintnt* 0 / «cAa»0Uj /or foreign manfHo. 
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FOREIGN DEPOSITORIES OF UNITED STATES GOVEtlNMKNTAL 

DOCUMENTS, 

Ninety-one sets of United States governmental documents (55 full 
sets and &G partial sets) were received for distribution in accordance 
with treaty stipulations and under the authority of the concessional 
resolutions of March 2. ISG7* and March 2, l&Oi. 

A complete list of the foreign depositories is given below* Con¬ 
signments for those countries to which shipments were suspended on 
account of the war will be forwarded to the various depositories as 
soon as the peace treaties are ratified by the United States Gov¬ 
ernment. 

Dra-ttsnonrKfl ci fuia ms. 

Ajgexti^a: MlnlBteHo de HeMcioaea Ex renting Aires, 

AuffmUA: Library of Uie Oinrnun wealth Parliament, MeUiflurne.. 

A.uma: K. K P SiurJatlsdie 7^utml-Komml^[oa, Vktina. 

Ba ™ : Hnlversltll l«-.BLI iHoilier Freiburg (Depository of the Gmurl Dueby !3 f 
Baden.) 

IUtabia: Kanlalie-he Hof and Rtimts-BLbUothck* Munich. 

Bixoioi: Bibltotbtqne Hkiule, Bnti&ebL 
Brazil.; Bibliotheca KadoEml h ltlu de Jan^ln^ 

BnivoM AjiiK« : BJbJJoteca de Ln IMveniJdud Naeloftiil 4e La (JVtwritory 

of the Pruvluw of Buenos Aires.} T J 

Canada i Ubmiy of For II ament, Ottawa 
Chujc: BibUoteca del Obngreso KadotiaL, 
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OmvsAl Americfili'CliliLLW Publication LveluingLr Department* Shanghai Bureau 
of Foreign AflhUre, ShungbiiJL 
CoLoii he a: EibLiot^cu Nacionuh BogotA. 

Costa Eica: Ofldua do Bepf^lto y Cauje tntenmeional tic Pubbeadoiics, Squ 
Jos&- 

Cuba: Secretarla de Estadp (Apontes Genera les< y Cauje inlenucloldl}, 
Bjbaaa* 

De^ma^iC : Kongellgfc ElbHolhebet, Cupeiih4ig£n + 

Exglanp " Britisb Museum. Lontlon. 

FkaJcce: BlbHfttl^ue Nnitoule, Paris. 

Ci^fA^v: Deutsche Beldiatogn-Blbllotbelt. Berlin. 

Glasgow : dry Librarian, Mitchell Library, Glasgow. 

G&eece : LIEb \ I>'tfibrin p Nationals* Athene 

H aiti : Sec^txhe d‘£tiit dts Relation:* Estfrieutvs, Port an Prince. 

B^gur: Hungarian House of PelTjmtctf, Budapest. 

Ijtdca : Imperial Idbrary* Calcutta. 

J4UCLAITP : National Library of Ireland* Dublin. 

It a i- t ; Bihlloteca No scion aie Vittorio KnmiiHelo, Rome. 

Taims : Imperial libmn^ of Japan, Tokyo. 

Lisbon: London School of Economies ami political Science* [Dopositor^ of the 
Is&mltm County C£undL7 * 

MAjrrronA: Provincial Library* Wladl^gL 

Alcriua: Institute Blblfogr&AcOt Blbtlutcui Nad anal* Mortal, 

NETEXEELrane: BlbUotbeefc van (ier StntQiHGeniininL The Hague* 

New SoctJI Waltj*; Public Library of New South Wales* Sydney. 

New ZEAiAxa: General -Assembly Library, Wellington. 

Nobwat; Storthlugots BibUpthek, Chrl^tlaRln* 

Ostamdi Legislative Library r Toronto, 

Pauis : Prefecture de In Seine, 

Pemc; RibHotec* Nadoaol* Lima, 

Pa'SITI’gal: Bibliotheca National, t ^lxin, 

Peussia- Ktfnlglifhe Blbllotbek, Berlin, 

OirEUEc: Library of the Legislature of the Province of Quebec, Quebec. 
Qcickmmjlxd; Parliamentary Library, Brisbane* 

Itr^MA : Imperial Public Library, Fe+ropud. 

Sjjconv ; K5ntgUfh«? OefTonrilche BlbMoihek. DttwSen, 

SjEsnut: Section Administrative du Mlnl*fc£!rt d*s Affaires Strangers, Belgrade* 
Sot : Tii Acstuailia : Part! omen mry Library h AiltiUilde- 

Scrvirb. del Cutsiblo Enters dona 1 do Publbadoucs, Cmrpu FadillEtlcp 
de ArehlrnroK. Rlbiloteoarlos y ArguofUogos, Madrid* 

Swpot ; Kunsllgfi BlbUoteket Stockholm. 

SwrreE elam>: Bibliotbeque Ferule Central^ Borne. 

Tasiiama: parliamentary Library* Hobart 

Dopnrtmi^l of Public Instruction, Constantinople. 

BurioM of Bourn Africa : State Library* Pretoria, Transvaal. 

UtfuCAT: OBelfm de Ctvnje IntpnuirtoDal de Fubifeucloue** Mnfltcvfr3«A. 
VwiHom : RlbUuteea National* Canioas. 

Victobia i Public Library of Victoria, Melbourne. 

Wta them Auhtraua: Fujhllc Library of Western Australia* Perth, 

WUrrTKMPW: KGnlgllche I^Ddesblblkrtbtdc, Stuttgart 

oETOBl'niniEa or pahtial sets^ 

Aihesta : Provincial Llhniry* FMmorUon. 

AuuartJMuiw: K. Mlaisberlnm fllr Elme^Lottatagen- Strassburg- 
Bolivxa: MlPtatario de Colmilmclfla y AgrlCdHura* La Pa*. 
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BauiE*: Sen«taboiiHii(s*liui (Or Heidis- und Anawfirtlge Anir^k^ciiliclteiL 
Rmttiiil CaLL'iinu: LegMatin Library. Victoria- 

BniTidH Ocwu: C ove r on arat Secretary’s Otto*. Georgetown, Dwitfrmra. 
Boiimtt : illnlster ot Foreign Adults, Sofia. 

CtTioM Oolonlnl Secretary'll OlRwf (Iteeoni Department of tbe Library), Cty 
kimba 

Ecr-usofl: Mblloieca National* Quite, 

Eotit : EEbUotbSque KbAIlvinlc. Catr* 

FfltLAtfQl Chancery of Governor, Holsingfora. 

Guatzuala: Secretary of tlie Oovummeot, GuatcmnLa, 

ffivt iTBi■ ^i.rmtukoimDlssSon fOr die Reich* mid Auswlrtlgen Angoltgortlieitt'a. 
Hesse; Groffidiertoglicha Darmstadt. 

HflSffnufl: Se<rrolary of the Guverament, ^eguclgnlpa- 
Jamaica; Cofionlfll Secretory, Kingston. 
i-rniran ; DepBftmiol of EtnU\ Mon rov La¬ 
in LTiEPfCo Marquez : tJoverumint Library, txmrenco Marque*. 

LI^seck: Pr&5ddcial of tbs Stuntc. 

Maitcas,, Pjtpvmci or: CMof Secretary 10 Use fsovorntnuni of lludroa, Public 
Department. Mudnu), 

M*tta : Lieutenant Governor, Y aleita. 

Morrrx^towi: Minister* d&9 Affaires Etranstfrus, Cettaje* 

Kew Ehtif&wjcic : Legifllatlve Library, Fredericton. 

Newtoctkdlamu: Culonlul Secretary, St John's. 

Nicaragua: Superintendent* de ArchlTO Nnei&nAi**, Managua. 

Noctbtvest TiWWWU J Govertiwseni Library, Ucglim. 

Nova RcotU : FfOTlncW Secretary of Nova Scotia, Halifax. 

Fahaha : SecrelnrEn dc Relneloccs Extcrlores, Panama. 

PiunvAT; Oflclna General de Inmlgraclfui, Asuncion, 
truje-cx Edvtat m Ibljutu; Legislative Library, Oiarlottetnwn. 
ftot?)«A?UA : Academia ttBMM, Bucharest 
Sa r.v ados : de RelEicEonea ExterEorea, San Salvador. 

Suu : Department of Foreign Affairs h Bangkok, 

Suratt* StrrTttM ents : Colon Ea] Secretary, Singapore. 

Uirurco Pbgviwceb or Atm* a?™ Ocnu: Under Secretary to Government. AJEa- 
b>M 

VttxxA -. £Eftf”eriuoE*icr der Hdupt- uad Ht-skloiiz-SunlL 


INTERPARLIAMENTARY EXCHANGE OF OFFICIAL JOURNALS, 
The Governments named below hiiTe cutei-ed into the interparlia¬ 
mentary exchange of official Journals with the United States and are 
listed to receive copies of the daily issue of the Congressional 
Record f 


Argentina Republic. 
Australia, 

Austria. 

Baden. 

Belgium. 

Bolivia. 

Brazil. 

Bueno* Aires, Province ot 
Canada. 


France. 

Great Britain. 

Greeco- 

OtmteiualEL 

Honduras. 

Hungary. 

Italy* 

Liberia. 

Now South Wales. 


Coata HIcr. 

Cuba, 

DmmurlL 


New /inland. 

Fern. 

Portugal. 


PrnrabL. 

QuwiiHhind. 

BoumcLnla, 

lius^Lu. 

Sortd u. 

Spa I a, 

Switzerland. 

Traatmal 

Union of S-nnth Afrlt-u. 
Uruguay. 

Venezuela* 

Western Australia. 
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A. letter was received in April, 1319- from the director of the 
Nation*] Library in Lisbon, slating Hmt ihe general secreUmat of 
the Library and National Archives had been abolished and that the 
Somca of International Exchanges, created hy the Rru^Is Con¬ 
vention of March. 15, 1885, is now conducted under the direction 

of his library. . 

Below is given a complete list of the foreign exchange agencies 

or bureaus. Shipments to those countries marked with an asterisk 
were still suspended at the dose of the fiscal year. 

ALCFJti a t F'tnnw+ 

Austin a: Comlalflii Pi'ottctoim flu BlbUflteCtt fopalorra, Lft valle V21*X 

Hudtios iUras. B 

ATTsriLiA :* K r K„ Sin list iaelw gentml-Kii ttimlwii r ' lt,nDtt - 

Intcnmti.>i«u.x Iluc Lonun-Cbarlul* 

-IC, Brussel*. 

BbuvL*: Oflelnu NneJanol tk 1 Eslmllstica, Fnfc 

Servlet* tie Pernio Lucres Interna dames, BlWIotUreft kadenul, Bto dc 

Janeiro * , K T . 

nuxTsit CCl^ni Agent* tot th** Calais Us, Lcmflon, 

BfciTOH Guiana: Royal ApriclUtanil and Coiamerdiiii BocMft GeorgtUiwn. 
t\BTnflH noxEi^^ i OdIoqIaI Socfpfniy, 

BuiAASIAr 4 Isfltimtl&tje ScU^UflflBWl lie a ^ !e Rei 

Q , 1( i§y T hI_% . S03> itlH SjJltl-D- 

CH tLt : Servlcle He Canj® latcrnaclannRs, Billiot** Kacfoui. 

China: Ajurridm-Cblneae FkbHeaiUm EJehance Depart™* Slmntfml Bwmn 

? ****** BlhUatrea N«*«nl, 

ou, do MMn F CU« B.W^—1 *> S " 

D ^« K.» E oll S « dLk VIllfMtalSienw* 

d™ g»u^" auto..™** 

-—* 

Sississ s£«£i * *>--— s ‘^ 

Strand, l»atloa. 

Cheece : BftUotMqP* Nation ale, Attuna*. 

Gkee^I-asd. rla Denmark. 

SSl * VU«« ««—«*■ 

STsS.r&uft. »•«-> r, r ^. ™ m r~» 

Bcunnu: Binilotrea Naeloimt Tepuclgalp*. 

IciXtXXV, ri4 DenniArt, 
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I»dia: SuperLuIeodpnt <lT Stati.mety , Bombay. 

Itait: Uinrfa degll Scainlii Intomaicruill, BlbiMeca NaiJmmlc Vittorio 
Emanucla, Rame. 

Jamaica; Institute of Jamaica, Kingston. 

Japa?t: Im^rinl Library of Japno f Tokyo, 

Java, riti NetbiTiimdiL 

Koeea: Government General, Eel jo. 

IJiiAij ea ; Bureau of Exchanges* Department of Fiate, MonruvliL 
LoLmof^o MA&qtlz: Government Library Ijnirem^j Mimiuet 
Lui^MBrjuo, xria Gtrnumy. 

Madaqiascak, via France. 

Maueou, trto Portugal 

Mo?mcrvEaito:* Mints tore des Affaires fctmag&rea* Qetlnge. 

Mozamri^i^ via PortttEHl 

NithkillaNds: Bureau Sclent! Ikiutr Central Xdertamlals, IHbllutbfcine de HJnl- 
TettdtG* Eeydom 
New Outm, -tria Netherlands. 

New South Wakes : Public Library nf New South Wales, Sydney. 

New Zealand r Dominion Museum. WelticKton, 

NiCAMcruAi MSnlFtt-rlo de Itclar tones Exteriora, MnnFiamn 
Ncwway: KimgeHg* Norste Frcdetilra Uolveodtet Blblhitiu&Qt* etiTlBilonltL 
PaHaila: Secrutaria de Reluclrmea Extertares* Pumunci. 
pAiAouAT ; Servlcio tie Qmjc lutenmclonal de Publiradufirei Seed^n Funsnlnr 
y d« Come trio* Mlulaterio dc Reiacionea Exterior^ Ammeloa. 

PiotaiA: Board of Foreign Missions of the Presbyterian Church, New Turk CKy. 

. OfL-r J n 11- de Repart o, DppGsItb y Cnnjt IntcrcinclonsJ de Putiltcsctoiies, 
MLaiaterio de Foment®, Llmm 

PonrciiAL: Service de Porantaeftes Internaclonaes* Bibliotheca Nucianal, Lis- 
boa_ 

QtEEKSLAso: Bureau of Exchanges of International PubslenLions, Chief Sk* 

rotnry‘» Ofllce* EriahtuiO- 
Rotjuania ;* Academia Roman il Bucharest. 

® nM1AiP Commission Kosse des gi-hungrtH Intern® tlonanx, Rlbltotteiuo ]m- 
pftrlale Publlijupp PetrogTnd. 

S alvadoh : MiuLoterIo de Reladouea ExterJornx, Son Salvador. 

Sn5I1;i Seetltsn Administrative du MinJst&re dee Affair^ Etntngfcre* Bel- 

4iw0, 

Siam: Department of Foreign Affairs, Bangkok, 

South Acstbalia: Public Library of South Australia, Adelaide 
Spai-i i Serviclo M Cambio Iateniacloai.1 do Publleadouf*, Cueri* Ricattnti™ 
de Archlveros, BlbLotecarlos y ArquuOlopsu. Madrid. 

Sumatra, ns Netherlands. 

Swxetff; Kouelisa Svenska Tctenskaps Akadomlea, Stockholm. 
S C&^™ie r rirM rTCe ^ Ech£ ™ Jfe * Interna tlooaux, Blidloth^iue FftlSralt! 

Stsia; Board of Foreign Missions of the Presbytia* Church. New Fork 
Tasmania: Secretary to the Premier, Hobart, 

SSriilSIir^ InStltUlC<,f flriJ T ^'^‘ Pdrt^peln, 

TtrtKi T :* Arasrlcnn Board of Commissioners for Foreign Missions, Borfon 
Union or South Africa; CoreroRirnt PrlnHne Works Pretrai'l:! Tmn«™.i 
Ofldu „ Onni, nimta, SlMSIf' 

Vutecukla: BibUotoca Nedoaal, Caracas, 
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Victoria: Public Library of Victoria, Melbottrno. 

WKSTdty At'otaAUA: Public Library of Western Australia. Pertb. 

Wikowaod Aim Leewaso Iswofoa; Imperial Department of Agriculture, 
Bridgetown, Barbados- 

PERSONNEL. 

With his appointment os arista nt secretary of the Smithsonian In* 
stitution on December 16,1918, Dr* Charles G. Abbot was assigned to 
general charge of the international exchanges and the library in addi¬ 
tion to the directorsliip of the Astrophysics! Observatory. 
Kespcctfully submitted* 

C. G. Abbot, 

A ssietant Secretaryi 
In. Charge of Library and Exchanges. 

Dr. Charles D. Walcott, 

Secretary o/ the Smithsonian Institution. 


APPENDIX 4. 


REPORT ON THE NATIONAL ZOOLOGICAL PARK. 

Sin: T Imve the honor tn submit the following" report on the opera- 
llom of tho National Zoo lug) cal Park for the f i sen I Tear ending June 
30, 1010: 

Recognising 1 the increased cost of maintenance. Congress allowed 
in the sundry civil hill the sum of ?11S,000 for the expenses of the 
park, with an additional allotment of $200 fm* printing and binding, 
Tills wits an increase of $l5,00t> over the appropriation for the pre¬ 
ceding years. By the practice of great economy in all departments « 
small amount was made available from this sum for minor pertnu- 
nent improvements, and some long-needed work was accomplished 
during the year Several of the employees who were in the military 
or naval service during the war returned to their duties at the park 
near the close of the year, and there is at present no distinct short¬ 
age of help except in the buddings and grounds department. The 
popularity of the Zoological Park continues to increase, and the 
number of visitors admitted to the grounds greatly exceeded that of 
any previous year. An attendance of nearly BjWKhnOO was recorded. 
Notwithstanding the scarcity of help during the first tuontlis of 
the year, the buildings have been kept in a fair state of repair and 
the grounds are in a very good condition. The collection has been 
kept near normal size, with even slight increase in the number of 
specimens, and with no serious gups or empty quarters. This is due 
almost entirely to the constant and efficient care of the employees 
in the animal department, witli the resulting good condition and low 
death rate among their charges. The embargo on living animals 
during the war virtually prohibited importations, and only a few 
animals were received directly from foreign porta 


AC VJSHSftlNH. 


Animals to the number of 74 were accessioned during the 

year as gifts from friends of the park or were placed on indefinite 
deposit 

Two young Sumatran elephants received from the Smithsonian 
InstUution were the most important and valuable additions to the 
collection. Hut** were purchased ut a cost of $5,000 f Cr the children 
M 
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of Washington by a number of their friends and were donated to 
the institution. At the time of their arrival they were about 2 and 
M years old and were 42 ami 45 inches high. The Sumatran elephant 
had never before Iwen exhibited in Wa shing ton. It is closely allied 
to the elephant of India, find differs from the African elephant in 
n,i,xiv characters, most conspicuous of which is the very small sixe 
of the ear. No specimen of this group of elephants lias been in the 
collection since the death in Much, 191., of the old Indian elephant, 
‘‘Dunk.” The Sumatran elephant is said to average somewhat 
smaller than the elephant from British India, but the Dutch trader 
who accompanied these young animals from Sumatra reports having 
killed one which wus 10 feet high at the shoulder. The baby ele¬ 
phants are already great favorites w ith the children and are growing 
rapidly. They are known by their Malayan names of “ Hitam ” 
(b! nek) and **KerbiI (small). 

Other particularly valuable donations were a fine rapybaru from 
Hon. Henry D. Baker, Trinidad, British West Indies, who bos pre¬ 
sented the park with other interesting specimens in pest years: and 
a pair of Florida bears from Mrs. A. V. N. Stoop, Monro Haven, 
Fla. Tlia capybara is an especially good specimen of this largest 
of all living rodents, ami the Florida bear has never before been 
shown in the collection. The bears are still young, but will apparently 
grow to a much larger sire than the common American black l*are, 
they are now considerably larger than Virginia specimens of ap¬ 
proximately the same age, and the bears of Florida are known some¬ 
times to exceed in siae all other forms of the black bear. 

Among the birds presented during the year the. most important is 
an example of the great white heron of southern Florida, taken 
from the m*t un one of the Newfound Thirl*.r group of keys, 
Florida, May 12, 1010, by Dr, Paul Bartsch. This bird lias de¬ 
veloped splendidly and forms one of the unique exhibits of the bird 

department. . . „ 

The complete list of donors and gifts is as follows: 


Hon. Henry D. Bnker, TctaMnd, British West Indea. wvtfmm. 
Mis* Marjorie Bnndt! (inter. Wnshlnstf.ii, D. C.. ollip.tor. 

D ft Psiul BnrtoeS, WaBhlcmoo. D. C„, mat while heron. 

Mr. J. *t Boyle, WmsWuptoo, H. C„ Iinnwfl IikuI. 

Mr! Morris K. Brady. lVvhliwbin, I' C., aUlgatcr, 

Mts* Eddie Cupps, Schuyler, Vn, □ Mentor. 

Sir. Frederick Chester, WastilnstoiL, T>. C,, a HI Rotor. 

Mr! K. R. Quilt], WoshtoSWn. *>■ C> hnrtiwl Umd. 

Mm V. Coot, Savannah, dn. , oil tun Kir. 

Mr W. 1L Coon, WusHUneWn, t*‘ *l«K«or. 

Ml^ I*n n I toe Orton, Hutnc. Mills, Va, n.ur pn.y fexco. 

Mr CUfflmlw WauhLastoiV D- C- two nlMsutore 
Mr! A. n. Darin, Balmy™, ''a., live turtle ilw 
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MJwa EtJnaNth T. Dflvldson, Bnlitfnnrp, McL, Iwn gmsft p?i nuiutL^ 

Mr D. h, Du Pre. Wflflhlnp'Q]j H D, CL American bum irtrt 

ifr, L, .i Ehnmotrtitit W&iWagttM^ D. C. h chlrkttt’fftdofeti, hybrid. 

Mr W. H. FalretiJUl, WAahinglun, i>. CL ret J fos, 

Mr. J T F. E. Fields, Hflncwk, Me)., bandfd ruttE^jcunke. 

Mr F- F, GlMcn. WoiMf^ta)* D« CL Hire* srrwti raw Jit, 

Mfk. Lillie AL ® tower, Washing nti* D. C., Me «f Flmm purmL 
^Ira. Gregory, Wuj^lnj^on p D. CL Virginia 
Mm. H, IL Hw Edrnburg, Vn„ Cuban parrot. 

Mr. Charles t\ Illptfns, Washington D+ CL alligator* 

Mr, John B, Filing, T^wiabur^, W. Vil, bluet: Nmr. 

Mr. Eli ward L, Latimer, Hyattavllle, MC, emit horned owL 
Mr Mnytadtem, WariLlngitm, D. <L Virginia upn*sum, 

^fr- W. L. MeAioc, Washington, D. C.* rainbow aunte* 

Mr. J. C. Miryer, Washington, D. thra aiwy Mnla. 

Mr. IL D. MfK>ey r jr., Gulfport* Miss., two fox aqtUmia, 

Mr. Jumvn Mooney, Jr t Washington, D + CL alligator. 

Mrs- CL P. Moore; Washington* D. C., alUfntor 
Mr. Joseph CL Moore* Flint HJU P Ya , two w^nk-hacks. 

Mr. Charles A. Motor, I [n (mu tend. Fin., ihwolhIi] an m fro. 

^ir. IL E. OLterbuck, Washington, I>, CL black ^ouke. 

Mr. A. J. Poole, Wnahlngton. D. CL water Bunke. 
fllr. O. It Putonm* Washington, 1\ <1, homed umd. 

Mr T. M. Quill, WiL^hln^pij, D„ d* AUljpitnr. 

Sir. E_ R Brhrnld, Washington, D + <L splitor monkey. 

Dr. IL W. ShufuMt* Wunhlngtom jl. C. t water snake, Knrtor snake, fmnppW 
turtle Florida terrapin* and two gopher tortoise 
MjiJ. Walter L Simpson, Washington, l>, cl budger. 

Smithsonian Instituting WahbliLgton, D. CL two Sumnixan elephaata. 

Air. J. F. StoWelL Wnsliittgtnft' D. CL alligator, 

Mr, Bhinfurd Slraughn, Washington, D. C p rtuiineteon. 

Mrs. A. V, K. Suwfh Moore Unxen, y\a. t iwu Fluiitlu bt nm. 

Mrs GrJflsLb E: Taylor. Berryvlilo. Va. p tlunble yeUow^hcnd parrot 
Mr. Albert Thorn, WnaEiInpott, t>, <_V„ nJIt^aiirir. 

Mr, Henry C. Vaden, Wwiftinpon, C, ptiifowl, 

Mr. J. 3. Wanntmth, W&khlngtnn, D, CL #crt*eeh owl, 

Airs sanih Wilber* Kenhena, Wk, Amerlnin budirer. 

Mr. J, M. WHl*cn> p Flmlmmet Kla- P sand hill crano + 

Mr r H. F. WIiul, Chevy <3um\ D, CL peafowL 
Mr, H. EL Wright, Point of Porks M«L alligator, 

TJoktiovm donor, fish crow. 


Birth *.—The number of births exceeds thut of any previous vear 
m the history of the park. Mammals to the mimLr of 7C ^v er o 
boro ami 83 birds were hatched during the year, making a total of 
1-9 additions to the collection in this manner. This record include 
only such animals as are reared to a reasonable age, no account 
being nwle ,n these published statistics of such as live hut a fj 
( ays. T ie lurths include 2 European Wars, 2 Rocky Mountain 
sheep, 1 eland i Indian antelopes, 1 yak, 6 American bison - 2 
1 < olnmbian Mack-tailed deer. 2 Manchurian deer 9 k„.w 1 
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fallow deer. 6 white.tailed deer, 0 European red (leer, 1 yellow, 
haired porcupine, 4 mcwins, 6 coypus, 3 rhesus monkeys. 1 dusky 
phalnnger, 1 rufous-hell led wallaby, 1 great gray kangaroo, 4 red 
kangaroos, 8 opossums, and 2 brush‘tailed rock kangaroos. The 
birds hatched are of the following species : Demoiselle crane, Ameri¬ 
can coot, Florida cormorant, night heron, wild turkey, golden 
pheasant, peafowl, scaled quail, mute swan, Canada goose, mallard, 
black duck, and wood duck. 

Exchange *—There were received during the year 11 mammals 
and 70 birds in exchange for surplus animals born in the park. 
The mammals were 2 prong- homed antelopes. 2 Indian water buf¬ 
faloes. 3 beavers, 3 spider monkeys, and 1 Burmese macaque. Many 
desirable water fowl, including coscoroba, and black swans, Hutchins’s 
geese, European widgeon, Euro;wan teal, gttrganey teal, black- 
tad Lied tree ducks, and spur* winged geese, as well as numerous land 
birds needed for the collection, were received through exchange. 
.Species new to the collection are the black-gorgeted laughing 
thrush, crimson taiiager, blue tannger, thick-billed euphonin, dia¬ 
mond dove, Iwtr-shouldered dove, short- keeled toucan, and a fine 
specimen of the remarkable Goliath heron from Africa. 

Pifrvhase*.— Because of lack of funds only 38 mammals, birds, and 
reptiles were purchased during the year. A Malayan sun bear was 
obtained in Son Francisco, a fallow dwr buck waa purchased for 
breeding, and a few email mammals were bought from time to 
time. Additions to the American waterfowl hike were G brants, 2 
white-fronted geese, 10 black ducks, and un immature whistling 
swan. Two Florida sandhill cranes and a pair of bronze-wing 
pigeons, with some commoner hawks and owls, ulso were purchased. 

Transfers .—Both the Biological Survey of the Department of 
Agriculture and the Bureau of Fisheries, Department ©f Commerce, 
contributed to the collection by the transfer of material collected 
by their agents in the field. From the Biological Survey was re¬ 
ceived an Apache grizzly tear and a mountain lion from New Mex¬ 
ico. a blue goose from Missouri, and two pigmy ground rattlers and 
» water snake from Florida. Tim Apache grizzly, new to the col¬ 
lection, is one of the recently defined species of the grizzly bear 
now nearing extinction. The specimen, a young mule, was cap¬ 
tured -July 22, 1918, by T, J. McMullin and Boh Bold, 23 miles 
southeast of Taos, X, Mes., and was forwarded to the park by M. E. 
Mragrave, of the Biological Survey. It was apparently about 8 
months Old When received- A few turtles from Georgia were trans¬ 
ferred from the Bureau of Fisheries. , 

Captured in the part—A few birds raptured m the park were 

added to the collection. 
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Deposited — As usual, a number of desirable exhibition speci- 
mens were accepted on temporary deposit. These included for the 
year 7 parrots of various species, 2 boa constrictors, a linn, and a 
binkajou. Eight alligators were carried over the winter for the 
Pan American Union. 

REMOVALS, 


Surplus inui an nils and birds to the number of ,17 were exchanged 
to other zoological collect ions, as follows: One European brown liear t 
1 hippopotamus, 2 red kangaroos, l yak, 3 Indian antelopes, 1 follow 
deer, 2 hog deer, 1 Japanese deer, 4 bnrasinghu deer, 4 European ml 
deer, G gray squirrels, 2 domestic geese, and 9 peafowl. A number 
of specimens on deposit were returned to owners. 

While the death rate for the year has been comparatively small, 
there have been as Usual some serious losses, especially among animals 
long in the park mid of advanced age. The mule Celebcsi&ti dwarf 
buffalo, nr mi on {Anna dr pnzsicorni*} , which has been a feature of 


the antelope house for nearly 13 years, died on July 34, 1919. This 
animal cunie to the collection December 12, 19t)5, theft fully adult, 
had been showing extreme age for the past two years, and his death 
Was not unexpected, Two female Congo harnessed antelopes (Trtp- 
yd(t{dim >fmhit) were lost. One was purchased us a fully sirown 
animal October 31,1907, and died May 10, 1919. The other, horn in 
the park July 4, 19 12, died February 27,19ID. An old female Amnri- 
cuii bison, purchased May G. 1907, died of septic metritis on April 20, 
1919. A female guanaro, received from the zoological gardens in 
Buenos Aires, December 29, 1901, died on August 2*2, 1913, of aoite 
congestion of the lungs, after 13 years and 8 months of life in the 
park. An alpaca, ubo from the Buenos Aires gardens, received 
March l i. 1908, died from old age and parasitic invasion, October 11, 
1918. A wild cat ruffm), received Septemlier 3, 1907, died' 

January 22, 1919; ami a Canada lynx, received Septemlier 25, 1907 
died from septicemia September 25,1918, exactly 11 years from the 
date of its arrival in the zoo. Other losses of importance among the 
mammals were a leopard, from pneumonia, November 18, 1918 and 
a young Brazilian tapir, born in the park February 22, 1918, which 
died under anesthetic during an operation for prolapse of the rectum 
on June 3, 1919. 

The most serious loss by death among the birds was a female 
trumpeter swan, which died of septicemia May 14, 1919. just after 
it had been sucreesfuUy mated, after two years of effort, with the 
male trumpeter lent to the park by Judge It. M. Barnes, of Laron. 
JIL. I he eggs u the ovary were enlarged to the size of cherries, and 
there is every reason to believe that but for the untimely loss of this 
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bird the swans would have been successfully bred, 1 he African 
crowned hawk-eagle (Spisa£(ux coronatv#) received from James 
Hubert Spurgeon, United States Secretary of Legation, Monrovia, 
Liberia, June 134,1001, died from avian tuberculosis, March 2G, 1319, 
after IT years and 0 months of lifts in the bird house. Two wander¬ 
ing tree ducks {Dindrocyyna arcuata), received from Carl Hagon- 
beck, September 25,1903, died, probably of old age, on September 30 
and December 16, 19Ifi, both having thus lived over 15 years in the 
gardens- A snowy egret (Egretta candidta$?ma) t receiver! from 
Texas, Juno 15,1907, died July 10,1918, over 11 years from the date 
of its arrival. 

Post-mortem examinations were made by l ho pathological division 
of the Bureau of Animal Industry, The following list shows the 
results of autopsies, the cases being arranged by groups: 


CAUSES OF DEATH. 

MilTMitJL 

M^r-iiipLalln ; rBiemnoiilft, - ; tnb^rciiEral.*! I : Sii-rlLtmllli. 1 ; mb*#™ in djMaraen. 1, 
Cirttrcm; FEpJraouLn., 1; nmrrcl*, 11 *-?pUrcmU p l 1 utmwts Jaw, 1. 

HorlHCiUft i Fortimon in, 2 ; cnteritlB, 1 m r IJlStTOtB^rUb, I- 
iikJt'iainta : AJ^DHPiJita- 1- 

TiilfrcnlwN ii 3; rnlrrUU. 1; ffitrwnlIwltU, 1; 1? 

urchin tuua ItDHfiPp 1* I r n&t dmrtulDed,, 1. 

ArELfMlfirljIn : Fnfumnci^ 3; ttaterdlioslA. 3; «mp^tlan of liiB£A, U 1; ■'■p- 

llcrmii » ■ wip-tlE mvirltdi, 1 H *14 * ; accident, 2. 

mLwdJLctyfta.: AD«*tbetfe p durtn ff npernUAQ* 1 . 


Cl«raH former: TahunifoaU. 1; «t dnlcmJnri, *™i, 1. 

An-rlfon^ :: Tntrrflifo. Ln, 3; MtiffttU. *t P^nhlr,,'. 1: »p ]™1n, 1 . »*- 

<^*1, of (M 1; 3! pUHlItem, I: I !»J OiUiipW 3. 

Fatten if of mi*: T,tfa>rfufoi-i5, l; »fl*r«mo*U, t; not drtn-mlDftl, ]. 

OtUlformr*: Ar[hT*IIlw | l*, 1 l tnlmltto, 

10.1* . = —* 1 1 ■ " “ L 
E5KS *3S3££ fc *r =0M *. 

Snch animals, tost by death, as were of particular scientific im¬ 
portance, or needed for exhibition purposes, wore transferred to the 
United States National Museum for preservation. 1 hose numbered 
15 mammals and 25 birds. 

ANIMALS IN THE COLLECTION JUNE 39 , 1019 . 


H 111 MAI 


Virginia opetoum I VKtfofpW* _ lir - 

fr l S!S l |» '~toil *" Br 

riiM) -—————--—'7,7^ 

l-httlxn^r lUrMonnu — 


poHky phalftniCr-r Lrrtcfcwnu /HJIpl- 

Dro«^ taLlnS ™k |i49*En«t (MVp- 
$ pti/c pfmlcfflotofr -——— 

Grat fnj feinjeara* 

2 flu raff’ll ■ J-——— 

3 BmJ (Ifflcropitt rvftv)—- 


12573 “— 21 —6 


G 

4 

ft 

3 
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fv.in^n»o 1 ‘i 3 nr -13 kna^ra* ■; M wr-apu* 
pt.* Zam-pU p —— » - - ^— 
Wii3Jjir«ii> i T'ujpPMi rofcwsfp*]-^——-- 
IStarrk-liiLleil wallaby (Jfarropwt 

brifytj _ _————-- 

llufoUf-liPlIM WalUtliJT fIfarr^rpiM 

feiHanl irrii) — 

Parma WAJlAby (JJ'TrFnpw* jiit™aJ_^. 

Wombat (PhtfrtfljMirf Mittftf JH) »-- 

cjm'mom, 

Kadiak bear <Unw* m idrfcwd erifl) 
Mixta JVnlTS*ala tn-af (tfrtii 

Yafcutnt brut tlifTii (biTtO----— -- 

Kldderifi Mr CiJfidi kJrfdrrfJ——„ 
Europran bear ^Crm d^ffpi]— 

Grlftly ^tr (lirttM ftorrTMir*^— r — 

Apache prttily {Crw* dffl che>-- 

Himalayan bear (EJriwf WModat)-, 

Ulfirli bear iPnwi omrtifdtK#).^.. 
S\fnat black bear Hifirrtftidpi* 

p(TTi|£|pr||- - , . .' 

Clnmiindii V«ir IITmn rii*- 

Nfivirjjtkwft} ;'"___— 

Florida hear (IMu FflritfffltUfJi- 

m»drr |**r ftfrtM „-., 

Pan bnir (/f rlflmfai fridtayowti #> _- 

Sloth bear (MtJ'wTWj irnJ n m )- 

T^iar bear I Tknrnrrf^j nahlinutf- 

DLel£ 1 > (tfflrf# tflffffft)---■ ■ - — 
U-LImn Llbgf frofqHi fa in ffid/iil _ T .-- 

Gray wolf fCdiH* HMfrfflU)——-- - - 

Sontbrni wr?lf (0M# ./forfdonu h 1-- 

Wflfldbfiiiie'i wolf rCrjflli — 

I'njnlr ( COfllp fofnanfj —„»w— 

Red fo* (fWpei — 

Gray foi I Grant** ctamaortfiwfnit I _ 
CA^mLitlf «rn^iiU nn 

lUrtWi (FrVflfti* 1 vfor )—— 

Gray cMtlinabdl (Afa*WO ««!»}—- 

Khkajjm <FflN JTdnit) - 

Ferret I If Hilda 

T*yra K faffra barboru \ _- _ _ _. 

HViwit sifrpAttff ligm) - 

A teeriratl h*0e#r {puttoi twt)- 

F^toim'^h Imdp'f fiffbi 

Ftorljla flttrr (£irfn» ffinutffflrli fiifji) 

African rlwt {Ffeferf tu 3 

Clrnet fflriictt* jnwfl?)_-- 

ypaflrd tiycnq iCrv&itn crafnufa>___^_ 

Brown hyNta frrvmtfdjl-—. 

Strips] hyena i J/yirna 

Ati lean rlwort^h f Arln^itflf.* /■tofur}-. 

Udb (Felt# to)____ 

Benfal tlprr |FrJli „ 

Miftr-tiitrlan tig?r (F*Ut tl'Jriw 

f^rd IFrUi 

Fait African Iwfarrt PFdtf pctilu 
itdAeliM \ .. . 
JnpMr I Fill* ^ 

^ilnntHiaiA _ . 

Mima tala V&Q (Fella Mppolrftei 
€ahada lyax (f.fM _, 


ftaj Ijm ILpUr ni/f«*P-5 

CailfornU lym iLirM cameraIcaap1 
EaA^ed Ijj» (IjfM fdurtaJtiH -- 1 


ffirpiMPlI. 

ClUJorala phi Ikm (^ilojrbM fflp]|fwrt|f- 

fluutJ—- ■ - - -- ■ ' . , 2 

Hartrarputtl ( P^w HfuJJmr | --- I 

htltlEJcTIA. 

Wn^Jdaurk i ifrarn^nld tnnda^l--- 3 

|>ii*k? marmot (I/armofa ^ni'lcen- 

IrJk pBJrtird} w-.--- t 

prairie dc*i: {CunQmtf* |urfarl^aaJ I-— 

Pc* M[cL[rn I (A'eiHniJi afyTr)__ _ 

Albino aqolrrrl {Jlririrtr^ . 

Aia?rLc(in bearer (Goa for otfao^etlflfa)- 
Frrated |h?m!iiltLR t It ?elrix rrMfoi^ ] „ t 

Yel law - ha I n’ll pOTrffr^lie I rcl*f-^« 

cj*SJnaf PiUBiJ—-— - 2 

CdJ'E'u r Utfoeoitur ooypm l__ 1 

Paca (Canicula* paeal — - A 

Aleilcaa apuiptl (tPra^^proela 

tana} ___ — — ’ - - - - -- l 

A turn's affcniU (J h >j-sji'prwCo areraP^. 2 

Creft ( rd □ & ml I f Dfltyri'ikcfa crUia fa 1 _ _ '1 

YbKticba {La&tetom** 1 

Pala^onliLD rary (Dolir^rfta patti #** 

mte ™-- 3 

Perartan frtiEnc:t pIe ICcrrta t*rhuilil 

paPRdlor)__ , 4 

Gul tirtL [hi# { Ca Ha jiorerf in j } __ £3 

Cspybam (J/M^fbsrna' ^JrocArrliU 1 

uoDMoanu. 

]>omffltic rabbi t s OrprlHlcr^iii rium- 
calii*! ___ ~ . i_„__ 2S 

taiaU lTeb. 

Grojr a|^r monkey (Alrlr* 2 

Wliltr-lhroated rapuctiSq fCthKii ropn- 

dntiti _ ^ ___« 

AiknfnriU- capnchtn ff^rbu* nwjifrarl- 

fo-K^ ________ 1 

Clsacm* IPdpfu p$mrrt««|___ . l 

llAmjcidlfyai baboon f/'ifpJd AtirEUTdri^JMji _ 2 

Mandrill U r n pis t 

Imll I PPpiP lrweophm«i!>„„__^_ | 

Moor miue f C^wtipifA<*si* mauTvm > _ t 

Frown micarjiic Ufocaeo * ptr fr?jq>__^ z 

J H paeLrik 3 monkey IFacnco z 

ttarmeflr mactiitir rilfrc^-d tr^cf.TPno- 

neatE*}—^_ j 

rtctqllHl monkey Ulamtit nr . ir * r ^ 

afnliiap j 

Ah^flUH cfionkej < 3 J(tfac* rAcibif}.__ og 

Ifitifitn l monkey ilfiraoa \ 

Ja?nn ibBcflq.’He (lF 3 edco »rtedor>_„__ t 

Pbillpplni? macaiinp 1 

3 *oty mangabey ((Jmwxhmit Mtf - 
ItOffB#)_ ... __ __ « 


l 

1 

4 

l 

l 

l 

»■ 

l 

2 

4 

2 

1 

t 1 

3 

3 

2 

2 

1 

l 

1 

2 

1 

2 

10 

1 

3 

3 

ft 

2 

14 

1 

2 

1 

1 

i 

a 
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4 
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1 
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1 

fr 

A 

2 

4 
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2 

1 

1 

1 

3 
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■T.SfiM’H ffDriion lLaiitipyvd ttUitrifUui) _ 1 

Vttwl tfu-Fofi t Ldi^ii-rin n/IArn), 2 

If ana (ftflJtoppfa pam i _. , -- 3 

T^iEli W.1 JF puffin f.I**foja£pvi r^|fllTfl|ri_ 1 
Falfl* ftwmiN’j' ^JfapffcroreSdi 1 

Chld[«Qi<rp (Fan 1 

AJmoOACTTtJM 

Wild biin r f£ai H»f0> n —- t 

Watt-b^g l/’HflWftaJ q:IA itjplru* i __ 2 

H!|!F*potaft:qA fJGfiP ampbih* 

^ua) __:—- ■;-—— — 2 

P4rtrtaib amrl barMflhifi}_ 2 

An^Eqa wa*') (Cdncfii <Jro nc^Plii i - 2 

Gdaqbco fr^Btd -.—.- * 

tlafiLi (Lama pfmmj}-*-—— 11 

AIpb«4 llama gw*»f).- — I 

Tlenfin (Lairifl cfmtfnat— — — t 

fslloir dwr tframa 3 

Aib rfwr tA^Jf flfif} -- €1 

Hfig tff'rP pOrefiHlU.__ 0 

Punitiar |l?a'B mrfirstor).,..- - + 

Luzon dear f??up h iWpp^ji it t i __ l 

BarridntfhA (lUcm** duraactKii 30 

Japanese dcur (Jfflb nippflt i --- 12 

Rtrf ij^r ICemtM — - 18 

KmhmEf dref (CtemM taMpf*}— - - fi 

Bedford [hvr WrT**4 «*th<jp^aiJ___ e 
American elk (PnTH 7 

YlnrfidA <3 wt (Orfoeeileiii 1 iTpy<KJ«i*M» « 15 

lfule d«r (Odj^UcKt Ann^«uii)_-- 3 

R1 nek-in Ekd liter (OtfncnflnM 1 

b(pHil4 S -—^ - —- ■* 

rrnnB-lioFticd Afitidop* lAnUiorap™ 

•JWrttanitj} -.-^ 2 


mevtatk ijOrt-ari#™* -1 

WhEt^talN kftU tfHfinE - 1 

Dc-faiu VQ^r-tvaik fD&w tk/iran' 1 

IfiiijiD flntplnpf (AnUlopr cvrcfcapra)_ 7 

MJItf&S !/T^Uitri«;ni)__ $ 

Edit African elHihd (TciLrtjrnltfn oryw 
Hvintfrt oaf )) 3 

Tihr (Ur»itrif(iPi |psi laA Jcat) __ | 

Autiililil (d »hn>f rtE.'/rJ* Jrifriai , 1 

ItoitfcitSln mbmp frtcHi rdwf m- 

Arti-onn monnEalci ihcep I'fJii# wrm 

Rfclt*4» ihp^p C Orfa ,_, C 

35*‘bd IflGa iMlenwi ,.. „ 1 

Yak (pm a n lf«») ___ i 

American tilaen (IHjwa bfi&n> _ 2:1 

Indian hkiflaln fAahtfaa Arithiry h_ ,__ 2 

BfHElJlin tapir | ^plf irt ffm:ifrtij._, 2 
fiorw i tiff up* jiriirMwIiitiH I 

(Sninfa icliri (Kq» (** baroArfli urantii . 1 

Gtgvj * a sehra (f?icita tfrire'.jtfp __ 2 

^hm-twifP* hjtvld fEgawr 

IJ'l EJ U T p ----- - - 1 

Efhnk-aas t jbrid prrrfkifiiHi) _ 1 

moimscEDEJC 

Ab^utniAd fHhapI tf/rt- 

fflfld bifgNty^^..,___-_^ 1 

Fudutran tJfptuQL itClfph&M nmdtfBr 


PTsaia, 


RaTITJH. 


African ciilrkU Itffrafkia fia^- 

mfllif ------ * 

BrmmlEljiDd Mt^lrh (^rralMo mif*irbd^- 

pham>») —-——— 1 

Rfecn (KAcv* morkniH) -—— 3 

Smq (flrtiaWitf - 2 


cicozntroovis, 

Arnprlrati while prllcaa ^Pch^tia 

^ry,fA rvth irttrfia* i ~ - W 

Ktir^pc-ao white p^SenQ IPckmuHi 

piidpr i ofai!«*P — 2 

nofwmte pelican ffVJo«a*ia rptrm_ 2 

A'ldt ralLitn iwlinm (Fr!roan«f 

picHir«Ffu>P « - -- — — 1 

Brown prlLetc (PSrf™m* drrfrffi*' ^ 

FI prEilJt connorunt f PAnfacrTncera# 

flifri/m —— - 18 

Great while h*wa (Artfra 

fiiife)_—^-- — - - 1 

Great folU* hfiMn kirofiaaj- 1 

I To] Lath SefM i lldfli f» M« — 1 

3anwy eyret eeBdirUMfiiMi i — 1 


FH^trmwnd tiiRhi imn (YivH- 

rarffa iiprifHru UKri-IajJ_ 

BonEbsJi (MlfaHut reeAkarPaji_ 

WWtt llnrJl tf iranid ricvninl . „ 

niark aifirtr (CfraflCn niprsK. __ 

Srraw-Bfrtpl Ihlf jpiHkal- 

Farn^l Sh*i i Thr* rfcferrid# erfflJepJn-ir‘ i . 

Whitf Ihlq (fi?artmr ) - - 

JkarErl Ibla {Onum nftra) M ^„__ 

3Zo*i?*tt* apfKmbil] [A/a4>i /ip i__ 

European Camlii^o f r r i ■rn iroplrp-aa 

--- 

jLFamvtkturu, 

lllack- necked acre inner (PhOa^tf Igr- 

Mallard CAmap pltff urb^ncSn* |-_ 

|^iv( Indian black tfttrfc iAna& plufsi- 

TbyncoM Tar B f^ -- >—-—- 

Black ilnek m&Hpiei) , ■ 

Gadwntl (fThoa lrrn*tn«j -trtpe™i__„ 
Karopenn wUffH» (ITarew pearrnpeS. 

Balilpaie (ITdftni aiac-Hcajial__ 

(Trreia.wlrutfd trol (^rfffoa w&* 

Ilnoifr j - 


2T 

2 

S 

1 

1 

3 

10 

2 
2 

X 


1 

n 

3 

21 

1 

10 


11 
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Earnpcili teal creeps -—- 10 

I'Llqr-winged tea] < QKrrfitrditfa dfa- 

Girvanej ^mnVjM^rfala 2 

OananKjD t«il ciitfitajH 

Ri3£Mj ihtMrafc* (Odfarca fcmipEwei*). 1 

I'Sn rni] lltopig B4«fdl — - e 

WiKHl dock (,1I« ffJJijnifl) nmv . R „, 14 
M.-i n ilaris dude {Drndranri^a in-ifr r>-u- 

^afg> .. ._._21 

Cknimabaet FflltilrfrtaS__„ M 2 

Redtind IJfgiito — T 

IjTmt senup duck Jlffirfla ajfJJa t| J ___ (5 

Jt Lb g-»eckr*i duck (VflHId r D-! tort i >_ 1 

It«*f 'bitted P^Mh] {MctepUmH p+'pn- 

Hu©w (t'ftfd _ 3 

tifroter ■»* (too#? ftwertoroti 

Blue rocw i Uhfn caTutewm*) — — - 
Whitr-timaled Eoaae ( A- niff \ _ 5 

Aiacrlma Trblle-fruikivit RiMSt* (ifl^ 

dlkf/ren* 3 

Iljir-bnuluJ gw*n {^ibtiMa 1 

Crti-vJ-i Rftope- (Rrflnfa 2fS 

E!uh‘hinH r H pjx^e Uifuntu cm tji?rri.rl * 
AitfcAituff} _ 5 

raiklJoc K&os* {fitnnia atrtatftrtli 

in irtimtj.) _______ ._ „_ . 2 

Brant (ff^Tn-fa E^rafrla ptouern^ i frrn * _ H 
D&rnndi! rck-"!.' 1 i Kra-n to to-M^opni*) 3 

SpUT-wlupul foou i FlVrln^l^rtij r r i 

pjrejfjl . . . _ - . _,_ 3 

uiucfetetEini tn-.‘ jdcit ifan&oiv&iwi 

tjii Tum ngJLr) __ C 

White-fared Lror duck i JOr'ti 

rWnafa) ^ _ _ __ _ 3 

rnha (DaicitmTHi ainiUa]» ___ 1 

Sfalp PT?zm (t?jri?iiiM tffPiha*| _______ f3 

whlutitne nwaft tGtor <Mlwm ton***}... 2 

Trpt^cf ma l^lur barrtpuitorl _ 1 

Utocfc pwhh (^Jknv|fi sPniia}^^_^ 3 

FiHl fmifiiDKH- 

Bouth American nbdur ^utriir p nt- 
Cillfcrnla evmtor iQpmHvtrvpt eolifor- 

M fa n n i« _ , 3 

Tltrfaff ndtrant 4 

Black TulFare I Cora fjpp* „ g 

KItsr TulEurc fffa#wttRpAui p®pnj„ 2 

RecWtoT tjJfd ^'o^flarlu propru- 
fnriuf l ___ ___ _ _ _ _ l 

CUrtifoa raltiift- r „ 2 

Cinerama vultttrn < A • jyjn to* vmww- 

CnmcBri rrsJ|*ar« c&crlmirP __ w 3 

WetfsB-tilkn) rifle i U nun' t n i dintaf) v 2 

{Brides ragle {AquHtt 2 

IIjiIhI {HdtUrtiu* IfurarrjihfliwJ- 12 

Alumna bald rijtE* (Wslfarru towoo- 

cephafa* abcQuuil_ _ | 

^JtlTOUf fekwk | FilPtil ipttrTTrJw#'| __ 1 

Itcd-tklled hawk ] 2 

^wnlTuuiL^ tmifrk tffufiig m|| uanll^ I 


aaLLmskicBaL 

MeiinfiU CliraftKiff Ifrijj fl&Wcfffll__ 2 

rwtairtrfitcin'i eurwKFW Uyaj tamtom- 

('lilukcii-fDliitw bjbrid (Oollu X -Va- 

fM.------— i 

Wild lorki-j *fl- 

FCjltf#> __.___ 2 

iVafpwL (JNrd crt#l*fi«jr!„-— 43 

I^pocl {ibenMft <l^lyjaJfclcaa hf^i- 

Dura lum _ ^ __^. , ■ ■,,, 1 

BIlTfr ph^autnl {GettnmiM nltriHrmf" 

rwflj _ _ _ 1 

Idtcfj Ainh^r«t'ft phfQieiDt (^fymlnpAai 

UMljrftrlir) _— _ __ _ l 

CkkllT^H phfUASJFvt |r^THrjl5jft»i p|p(M |_ H 

MvhKte (CflJFiiui HrersttidBa*!__ 2 

Sealed qhal! ^ CfetHIpcjifri 4 

tjnrqber* qiiwll (LtfhArl|V piHbelii'i_ 2 

VallH-5 quail Ufipheirfdi «aHpE»mlrd 
i-tfllWta>,—_ 4 

uhrtrftuutJt. 

AntfFl^ah c^Kit (Fplkfl rtrorrtffltm)_ n 

Sflnth Ihland wi'ka nil fit’ll ifnjipuj 

audfrdJlil _ J 

^hArt^nfliiRed wctii {OtvdroM ai hn± 

riijfpienwl_-_ 2 

Earl'i y?*kJL ( ftry^ rom t£i furflS_ 1 

WEnjri^iiifj static fOrwt ma^rfeii4l~ 1 

SatnJlillI crane nariiiimn -_a 

Wh Lt*Hum.-ki>d erti&* IftfeirMieftrn), % 

ladlan whlie crwftff ('Im# Umcnpe m- 

BHJ1- -—_ x 

UlfOfd'B crane fffrM lllfordij_,*___ 2 

Aaitrillm (Qrv* mb^nih)_ 1 

Demnli# 1 He crane (A a f hcapafdf i Fiepe) _ 0 

eraiw i illal <«Hen par flninq) _ 2 

Carlama ((Mna crifialal _ _ 1 

rfiAaAi^krm^iuKHs 

Great lilnek-hariccd quit p£«ni mark 

n ■*> - ——- -■ - ™ 2 

rferrlnK (mil (:.nni^ &'arn.tatu*) _____ i 

LauRbLitf ffuU {f,orn aSrfrtltd) _ _2 

AUMCraEUm rreatnl pL^oia {GtpphnjM 

lophatt*} ___ __ 3 

nraEL&r.wlnff pf(i*on {Map* rnqrco- 

pimil —_ 1 

Wnogi’ffpBgi plgwa j tfiomjiWd pk 

Reil-blll«t plgerHi f£ v klonrnat Rark^i 
rHi - -_---- 1 

illdEe-Tlngt^ daTa (Mrlvpclbf. miar 

MaurnltiR dora (Zrnakiura mgrroar'd) _ i 

DERmend rjestti- f PJcejM'lki eaH-rafa j _ ^ 

Ztfbra darr ia«api^Hd ikksJ-t . id 

lia^houldersd dace {QtaptUa hnmr* 

rolbJ _ -- . _ _ w „__ j 

Inca dare \Scfrrdfifctt& _ ~~ g 

Bl HD-hciHlcd ^ua El hHi vg f S'tdfflriTarm rr^i- 

Hflfppj a to K __ _ _ __^ _ 1 

Kibtr^il turtJf-dcmo- ffTlrrpf^prriij'rt" 

-- la 
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rfitTTiri^m u. 

dirnjj pursuel «»*■*- 

_ _ _ _ _ 

Blurt tailed paroquet 

mnuPii) ^ - 

Vtu parrot (£%jr«70jwi# »^™V- 
4Sr*y parrot fprif Jurat — 

IIjiHKdd paroquet (iwfintfs chlorfi- 

p|rm> —-- i .. - — 

lUin-wiDBul p*rrotti?t (ftlttaNlto |wi~ 

jrrlriiiJ — —— — - — - 

OuLan parrot Irarwvpftdifl ) - 

[■Id of Flam parrot. fjMHM i™** 
ttphotn palniffli-itmj — M » -— ——-- 
YcUoMllMMBMd parnti (iwWJM 

ktrboJriitij -— —- — 

F^tLro irnrmt liurtW* — 

WftllH'flWKtrtd jmrrol (JfliHaH «iW- 

.p*W*> *— - - ■-—— - - - 

OHUE**iiitfe'l P#r*Ot (A**#™ «■» 

foni-'il -__*h- — ----- 

fff fctf UomSnjso- parrot U«**«W "*■ 

frail* 1 - -—--—■“ 

Y.-lluw-tn»fldiil parrot orbra* 

r^nlRl I —-—-*■---—-“ p 

Ti-Llftw-itaprd parnt (AmM9*** 0“ rD ~ 

palitiata» _J-- - -— 

Doutilr jfcUfl#^i4 parrot U#a^pm 
omtri*l —- —- — -- — — " 

r«-ilowH:hw^cd parrot U«™« **- 

IhirtaijhtP --—-—-- - 

Thlct-blllcd- parrot ( Rh (wAup*U lo 

fdj-Jhprhtfi*rMl — —— 

R v .l>Btu)-tiLaD mnvuvt (Ar4 tfJttomji- 

-— - --"T' 

Hod lrt w«aad-Je^oTr macaw (Am 

BtUk-ondjHlnw tniOaw {Am (P^ro- 


NsiSpfcur rt-t'ttod eodtalOo 

ywIniliO - - --- 

Great rcd-ere&led coeluloo (COM*™ 

pioFlcocrpi in} — — - - -- - 

While cockatoo ^ocoJ-i^» aJIWi>-- 

UatlboaWi toriMb^ (CoimIom tta4- 

bfttfril -——----- 

Harw^-nd cockatoo {Viwaiw* iw»- 

**#*■) --— - —— — - 

JU*r 41 EO cockatoo lOtoMtoW 

Era S A’rafor BotoWJI#! . 


nuriiffliwn. 

ILInat fcittjfflshfr (Dar*-2g - — 

Kkutt kwlcd lanrao fite^pAi mJo# j»E*- 
d**r*a knr^’oriHJiJai) -- - - - 


Alllkilor (AUlgatcr ai4i#UHpLHMli|„ 
Mona Island IfQuik ft-yc^ra #**1*^ 

- — —™““7;"T 

CJ-Hu. monitor SJI^Ierfrrwfci* twtjwelawj- 
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Cae^avt-L-iUHnJ^l fcortiMtl {DJeftOorffiP 

b-fcoraltj _ _ ■ - . ^-.JL- - - x.. ■ ■—— 

Rurr^il tiwl <8fHJ -^ 

ScritrL owl <0J«*| —-—- 

fSrnLt toTPCd owl (ll«Ao r^niUKU), 
VSv.sir'Tft horned owl rlfubo rl^lawi 
- -- 

Amorlno Mm owl sT^Ipi jhirlato 

Jirtljfirtcohi I- --- -- -- 

E1l[ FiJH 

BtHl-hlllnl hill-lit (MoffcrtJ 
HUrk-parpnlnl lahphl oe-l L na#b iflor^ 

ru to* pfpJwilti > - — ~ - -— - 

Hurra It ihmjih {Hv^dchla jfttUvU* 

Aostrallm £MJ Jnmj^r < Slmf A rd^a 

cimrttW) ----- — 

CiffB i JoJifAgsru —— 

Ao^tmJlflD crow rwrtiiDiJfil — 

FtMh cthw Ctfwrkf tiMtifrvma 

Eutuihn'iii rovrit fOmr# n«*> --- 

Vipal^U wra^rr (FprgnWsaa dfwj_* 
ra iJopiLM’d r w^OVifr (Fouiki w^iijov- 

roHdEtiU)-- 

l^rikdl^- tftdow bird IHir^num par* 

#L*?m3- -- ---—-* 

Ctat-thrcmt Audi tAwOrltiiri la^i ■igfo > _- 
SSt-bra flarb C f o-hP^itlN , « 

Elluck-lrtfod StifiMlU hnda 4Fg>~philo 
£feH|ifikrJ----- 

It* il farrdi CkiuldJan finch C fiiiJ 

■vtrotrtRn _ —-- 

StrftwbrrTJT flnch [iPut^ra umia** 

ifOlMS - - ------ 

IlLitk b^ l^ math tl/an+n ofricnpitta)^ 

Sutrarff flnrh lifnafo PHBolahUo)- 

lom r fcj L- b f If unln gr^r&Tfl | - - - . 

Whit# Java flnrb tIImjiI* t.ry±h .. 
Vera Crnr r«d wlas rA|/r^p4i phtrni- 

crPi Hrhm*m df} ---— —----- 

CrlaLBon ttZumph&t*l** dloitdl- 

I Eloi' LinaBTf tThtvupk * rupi.i) 

Thick till ted ouyli^ala s rowirg™ *-ra*- 

iifMtrli | -— ——.- - 

iparrow Ufdharplrfl mriu4tel —- 
UfcaLc-coloml lunco (JiirtM J.yrm(PlJdj 
WbltA-throaicti sparrow {Zumtrtehi® 

olAfOutliil - ----- 

Satff&a tloch jKiotsli# HotroJdJ. -— 

Cinarf (ffrrtmn ———- 

Green &Liif-lnc finch I Scri&u* trf rn>t| 
EiimrH'dn chaffinch tFrtwpilla zvtebit- 
lEcil created rorillnal (Porwki mCwl- 

7d|o) --- -- - -— - 

I CardlaaE {Cur4inali* —- 


bcmtlM, 


2S BlufrtOhtfflod llwifit {Tcliffttii #oi»- 

1 fTurarlegti lAwH* coral!arjt*4*|-— 

T Honml load CoTMofaMKl- 
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Rock pyihcft tJ-frUUv 3 

IHfljmniMj python (FpjAqa i 

Afl-ncondu | A'ji!pi f »' ir* hnuihLillL^_$ 

E " n rt:H*JrCETor i ftHMlrttif W C4ri*f.rfe- 
*P^ „„ __ ___ _ 0 

jtalnbow pu^ks MEditdr rrpi^raj^Q Dr 

« Ml 1 _ , „ _- ____ 1 

DlSrlihOJii^ ifJalubcr e&UMlrUiturK _ I 

I'Jiii lH-q pE rnie lA'fapftr f bOMJrJHfftiju) _ J 

Water irnitk^ ( V«Mr gfpatton) _ fl 

Garter tnukfl irkvMH^ii tfrfoKt)_ \ 

MdccuIji UffHiErcdtirt pitrivanul _ 1 


id ranii r I Warra nt* fti{Jtortii#i 1 
Dud can EiUdc! tbrt^bi* HVsfudu cphip- 

— -*_ I 

Altemirlf I pin ud UutoEPc (Tr*tnela 

trfdpwi ----. J 

Gopher tor r<jlw | pQMtpht- 

itUMl _ __ __ _ _ 2 

Shs I*pin E t b rtlc i Chrtu ilru *£tpr* rind i _ 2 
C*fl*tr EF+nHdrnjtJ nrrfpfon __ i 

ITkirWa torraplja (ftaurf^pjje ^eri 

—___-ii,____ _ 1 


PTA5WMKNT AF T^CE COLLECTIOK. 


A CrRsij Eujf n IirajNd TUB TL.aH. 


Prr^tU^dl 
ilajb lnq tn 


Bln!* _ _ 

AppTUn . , _ 
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Udi-o And tmubed in llh.it NnIlonat 
JbNfrfl|Ac*| Park ; 

Maoisiutla ___ 
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Eetfltflt) in ^tlu|K; 

SJunmui tu __ 
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Pmdm«^ ; 
Mamma] h 
B ird* „„ 
R.ptJln* _ 


TTaajfmo] f«n 5 <uber Govern - 
Dll ::I d' PIlfllti iTjEi ; 

Mara null a «_____ 

Bird* 7 __ 

RtpUI« _____ 
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jti 
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Capture] in Nntkmal Zofttaghml 

Pt*rk: 

nirdii. — _ _ _ io 

\iiLbLSLLli] J ^___ _■ _,__ 2 

RSfdir „ 


lUplltCH _, 


-._ ID 


Tnijsl nrrr—toiw - , 

bttVU.UiT, 

AiLicujtla u n Ha ml JiaJj 1, iDl>._ 
during sE h- 

^ a*«8l 

Brunet tests {tiy cariiAhse. iSp*th, ami 

fL-turg Of uuLianl^ op (Jj'SwIt).,. not 


AniitLaia ofl h;i< eid June Jfl h iflifl, ] h ^ 



The wcortl for dumber of visitor during a single fiscal year Ins 
again been exceeded, The number of people admitted t, the park, 

«>f tS” l Th by “S Q " f f iim(lte > was mi,rw, a daily average 
. , .' ‘ tu P rMtest numln‘r in any ©no month was 355 651 in 

April, 1919, an average IJCr day of ll r S55. 0 n March *i, 1&19 ttiere 
were if).niX( visitors; on Sunday, April 6,1919, 85,000; and on Easter 
Monday, April 21.1919.55,359 (actual count at gates). 
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The attendance by months was as follows: In 101S: July. 1(30,(100; 
August, 110,200; September, 154,600; OctolMir, 114,5(10; November, 
81,400; December, 83,454. In 1818: January, 101,025; February, 
115,150; March, *242,050; April, 355,651; May, 220,700; June, 198.215. 

The record for attendance for the year ending June 30,1018, which 
exceeded the previous record year (1816) by 430,117, was beaten by 
371,483. Following are the attendance records for the past eight 


years: 


1012 

_ _ __ M2. ™ 

ifllft _ 


1014 

... 

__ 73^277 

1015- 

__ 7M.530 


I&Ifl _ 1, lilT, no 

1017 . .... - I.lOO.’iUO 

11)13.- 1,543, 227 

1010___ 1.004,715 


The park continues in popularity us a means of instruction, to 
schools and dosses, as well as a resort for out-of-doors gatherings for 
large picnic parties, where the usual woodland surroundings and 
pleasures may lie supplemented by visits to the zoological collect ions. 
Ninety-eight such schools and classes visited the park in 1919, with a 
total of G,169 individuals. These eaiue not only from tire District of 
Columbia, Maryland, and Virginia, but from the more distant States 
of Pennsylvania. New Jersey, Massachusetts, and Ohio. The Amer¬ 
ican Society of A1 am ins legists held an informal meeting with lunch¬ 
eon tit the park on April 4,1818, with 75 members in attendance. 


tJIPROVElfENTS. 

Exterior cages for leopards, jaguars, and hyenas, on the east side 
of the north wing of the lion house, were nearly completed before the 
close of the year. The capes are seven in number, 24 fret deep, md 
74 feet long over all. Tilt* cost, including material and the labor of 
tegular employers, was $3,4U>. This long-desired improvement adds 
greatly to the appearance of the building nud to the comfort of tho 
animals. 

A perforated radial brick chimney SO feat in height above the con¬ 
crete foundation and -42 inches interior diameter at the top was built 
at the central heating plant to replace the old and worn-out metal 
stuck. The concrete hasa was constructed by the park workmen and 
tho chimney by contract, at a total cost of $2,047. 

A public toilet 13 by 28 feet 8 indies was constructed near the 
Connecticut Avenue entrance. Some of the materials for this work 
were purchased from the 1918 appropriation, and the labor was all 
by regular employees of the park. The cost of this structure* includ¬ 
ing labor, was $1,200. 

The smaller elephant house, roofs of the larger elephant house and 
restaurant building, outdoor lion and tiger cages, outdoor rages on 
cast and west sides of monkey house, and other fences and inclosures 
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were, painted. at a total cost of $1,586. The materials, amounting 
to $475, wore furnished by the park. The contracts fur labor to¬ 
taled $1,111. 

The creek-side drive from Kimble Ford to the cro^rouds and 
tlm main road from the concrete bridge to the concourse were broken 
up and rebuilt, the creek-side drive from crossroads to the stone 
bridge woe resurfaced, and roads in otter parts of the park were re¬ 
paired and resurfaced where necessary. The cost of materials for 
road work was $ljJD5, and the labor, including regular park em¬ 
ployees and temporary men, amounted to $1,475,30. 

Other minor improvements and repairs completed during the year 
include a new fence around the nursery nml gardens, concrete steps 
to replace old stone steps leading 1 from wolf dens up to bear yard 
daps, cement stairway from Cathedral Avenue leading down into 
park under the Calvert Street Bridge, repair of walks leading in 
from Adams Mill gate, repair of bridle paths, drainage for zebra 
house and yards, paring in zebra yards, a new policemans box at 
Klmgle gate. The old wooden ties of the fence of the largo elephant 
yard were replaced hy an Iron fence to match the permanent section* 
already constructed. A number of largo wire receptacles for mb- 
biah and 100 new park benches were provided. 

IMPORTANT NEEDS. 


Alteration of the western boundary,—\\v an act approved June 33 
m3, Congress appropriated $107,3*) for the purchase of certain lots’ 
and parcels of land between the western boundaiy of the National 
Zoological I ark and Connecticut Avenue, from Cathedral Avenue 
t<> KlmgJc Boad, this land, together with the included highways, to 
become a part of the park. The appropriation was not a continuing 
one and lapsed at the end of the following fiscal year, before nrl 
ceedmgs for the purchase of the Jail J were completed. Items for the 
^appropriation of this sum and for the additional amount necessary 
to meet the figures fixed by the court in proceedings of condemnation 
lobmitted to Ct>ngr«8 in the following v c „„, bat „ ot 
favorably considered, hollowing a suggestion made by the chair- 
“ °™ appropriations Committee at the hearing on the bill for 
IS, the item for the purchase of this land was revised In the esti¬ 
mate for 2930 to include only a portion of the property originally 
appropmted for in ISIS. The bnd usked for in the estimates sub 

EfjJLf" npi)r0vilit a " a{n inp!ui ^ d * estimates 

for 1921, includes 250 feet each side of Jewett Street, fronting on 

Connect^ Avenue, and all of the land Inside the unnamed road 
utweeu Connecticut Avenue and the park, excepting one lot. This, 
with all of Jewett Street, and the included portion of the unnamed 
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street, would satisfy nil the important needs of the park and give a 
frontage of over GDO feet on Connecticut Avenue. One of the princi¬ 
pal entrances to the park will always bo from Connecticut Avenue 
and the importance of a frontage on that thorough fare at and ladder¬ 
ing the gate can not lie overestimated. The ncce^-ary land can now 
(>e purchased for about $90,000 1 and should be acquired beforb it is 
too lata 

Alter&tkm of the jttitiAaoffcm boundary* —The question of the pur¬ 
chase of a narrow strip of land between the park and Adams Milt 
Rood, from Clydesdale Place to Ontario Road, still in private owner¬ 
ship, is now brought forcibly to our attention because of improve¬ 
ments being made at that point by the District government* As this 
newly developed section of Adams MilJ Road will doubtless become 
one of the most used highways connecting the park systems* and n.s 
the privately owned strip is within a few feet of the Adams Mill 
Road entrance to the park, the need for public ownership cannot be 
questioned. The amount required is comparatively small and the 
purchase of the land should not long be delayed* as the bordering 
mad is soon to be opened* find the ownership of the narrow strip by 
the Government and its incorporation within the park is of very 
great interest to the public. 

Ri&taurant .—One of the most urgent needs of the park is o suitable 
restaurant. The present refreshment stand is entirely inadequate and 
is in a very had state of repair. On any of the days of reasonably 
large attendance the public can lje only poorly served and the frieifi- 
tlesof the stand are overtaxed. It is believed that a suitable building, 
on the present site, 50 by 100 feet in si*:, and of two floors, one open¬ 
ing onto the lower slope to the west, would meet the requirements. 
Such a building, properly equipped and under first-class manage¬ 
ment, would be greatly appreciated by the constantly increasing num¬ 
ber of visitors to the park. 

Oruding hanks and fitting midne#.— The work of further cutting 
away the irregular hill in the center of the western part of the park 
and the filling in of a near-by ravine* commenced three years ago but 
discontinued for lack of funds* should be completed us soon as prac¬ 
ticable, Level spaces for yartls and inclosures arc very much needed, 
and the work as left makes an unsightly and unfinished looking 
place in one of the most conspicuous points in the park, bordering on 
the main road* Completion of the work will level nearly 70,000 
square feet of ground which is now of little Use> make available a 
further 25.000 square feet of ground at the ravine, and eliminate n 
dangerous curve in the automobile road. 

Ptirchme of amiMlfr—A sufficient sum for the purchase and trans¬ 
portation of animals has never been available and is greatly to be 
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desired, m that the park may take advantage from time to time of 
opportunities to obtain rare and conspicuous animals not before 
exhibited. 

A rfory building — The need of a new house lor the exhibition of 
birck continues to become more urgent from year to year. The old 
building is rapidly becoming unfit for use and the public aisles are 
entirely too narrow for Lhc crowds of people who now visit the park. 

The cost of main tenance during the psi&t year has reached a sum 
greater than ever before. Owing to I he increased cost of almost every 
ifconij the amount required for food for animals was $ 33 , 149 , and 
repairs and new improvements are similarly expend vn. It is urgent^ 
therefore, if there is to be any expenditure for improvements or for 
necessary repairs that an increase be made in the general appropria¬ 
tion for the expenses of the park*. 

Respectfully submitted. 

N P lIiJM;!KTES f S U y t ' ri ft tc fid ?! i ^ , 

Dr. Cjiarlf-s D. Wiloott, 

Secretary E mithaon inn / H W itutIon . 

WmhhujtQii' IK C. 


APPENDIX 5. 


REPORT ON THE ASTHOPHYSICAL OBSERVATORY. 

Si«: The Asttophjfsiol Observatory was conducted tinder the fol¬ 
lowing passage of the sundry civil act approved July l t 1918- 

Astrupliyuli'nl Observutuff: For miiirilefldntc of Auftrojiiiystcal Otormtor;, 
under the dlnfuUoti of the .SmlLhxicijuii Institution, Im'lutlStig nutstaats, jmr- 
chose of necessary bocks urn! [terlonUcMa, upparulus. uiakluu nueessnry obser¬ 
vations Ju high atOtndefl, repairs ued ultcmtluus of tiulliiint'S, find miscel- 
loneouK ejciH-nsod. $ 13 , 000 . 

The observatory occupies a number of frame structures within an 
ini Josure of about 10,000 square feet south of the Smithsonian ad¬ 
ministration building at Washington, ;tnd also a cement observing 
station and frame cottage for observers on a plot of 10,000 square 
feel leased from the Carnegie Solar Observatory, on Mount Wilson, 
Calif. 

The present value of the buildings and equipment is estimated at 

0,000. This estimate contemplates the east required to replace the 
outfit for the purpose of the investigations. 

WORK OF THE YEAH. 

At Wa$Uiti0on.—A!s U-stiul, the computation of the results of solar 
constant observations made ut Mount Wilson, Calif., bus gone on 
steadily at Washington, except as interrupted by the furlough of 
the computer, Miss Graves, for work in France, as mentioned under 
the subheading “Personnel.” After tho services of other computers 
had been obtained the work went on rapidly and is now nearly up 
to date. 

The preparation of Volume IV of the Annals of the Astrophysienl 
Ghservntorv, including results of measurements from the year 1918, 
Iisls been occupying tliu attention of the director to a very great 
extent since February. 

In consideration of the fact that the total eclipse of the sun of 
.May 29,1919, was visible in La Paz, Bolivia, which is not very far 
from the Smithsonian solar-constant observing station in Cal mint, 
Chile, and in further consideration of the fact that the Argentina 
Government is using the daily telegraphic report* of the solar obser¬ 
vations at Calarna for forecasting purposes; and, further, that cer¬ 
tain conditions Jmd arisen at Calania which would seem to require 

TO 
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tlio pRiSbnal investigation of the writer, it appeared necessary to 
moke an expedition to South America to attend to these several 
matters. The preparation for the eclipse work occupied some time 
of the director and of the instrument maker. 

Several investigations relating' to the war, a brief note of which 
was mentioned in lost year’s report, were continued during th® fiscal 
year. 

The painstaking' and valuable work which Mr. Fowls has been 
doing on the revision of the Smithsonian Physical Tables should re¬ 
ceive some notice, although this work is being done by him outside 
of his regular hoars of service for the observatory. This book has 
passed through a number of editions under his editorship and has 
attained an enviable reputation in this country and abroad for tins 
accuracy and fullness of its contents. The new edition, which is now 
in press, has received unusual attention on his part, and very valu¬ 
able cooperation from die various scientific departments of the 
Government and of outside individuals in colleges and industrial 
corporations and elsewhere, and will bo a great advance over any 
of the former editions. 

In connection with work of the Observatory, wo have long wished 
to determine the solar constant of radiation by a method which 
docs not involve the assumption that the transparency of tho almos- 
pliere is constant over tho two or three hours required for the deter¬ 
mination of it by the usual spectrobolometm method. We Imped 
that, seeing that the sky is brighter when tho transparency is less, 
an observation by the pyranometer, or some other more suitable 
instrument, of the brightness of the sky in the neighborhood of the 
sun. combined with the usual measurements of the pyrhcliameter 
and perhaps of the spectrobolometer, but only at one period of time, 
might bo sufficient to determine the solar constant by u satisfactory 
empirical process based upon spectrobolometric investigations of 
former years. In the hope of getting an instrument more satisfac¬ 
tory than the pyrnnometer for this special work, n new design com¬ 
prising essentially two disks, one of which is shined upon through 
a graduated aperture by the sun and tho other of which is exposed 
to 11m small region of sky desired and both connected by thermo¬ 
electric junction so as to enable equality of temperature of the two 
disks to be adjusted, was devised and partly constructed at Wash¬ 
ington. It was sent in a letter to Cahimn, Chile, and was finished 
by the director during his visit in Chile and is now in satisfactory 
o iteration, a I though it has not yet supplanted tho pyranometer for 
Hie purpose in question. 

Another problem which requires a new kind of apparatus is tho 
measurement of nocturnal radiation such ns the earth goods out to 
space. This investigation is exceptionally difficult, for it involves a 
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range of wave length from 5 microns to 50 microns* Thera is no 
surface either of blackened metal or other substance which is fully 
absorbing to the rays throughout this whole extent* and further¬ 
more there is no optica] medium known by means of which the prop¬ 
erties of the rays beyond about 17 microns, where rock salt ceases to 
he transparent, may he investigated. For the purpose of determin¬ 
ing nocturnal radiation it seems absolutely indispensable that there 
should l*o devised an instrument based upon the principle of the 
perfect radiator or “ absolutely black body.” This is a very difficult 
thing because not only does the instrument have to be exposed to 
the full hemisphere of ISO 0 of solid angle, but also the radiation to 
be observed is small in amount, little more than the tenth part of 
the radiation of the sun. Seeing that the u black body,” so called, 
requires to be a hollow chamber, large with respect to the aperture 
through which the rays enter, the rise of temperature of its walls 
which most be measured is extremely small. After much consulta¬ 
tion, Mr- Aldrich nod the director decided upon n design of a new 
instrument for this purpose. This was constructed in the spring of 
1919, and is now in use on Mount Wilson, Whether it will prove to 
be satisfactory or not remains a question. 

In order to investigate the rays beyond the wave length where 
rock salt becomes opaque a great many measurements have been 
made by Mr. Aldrich, os mentioned in tbe last report, to attempt 
to find some substance transmissible to such rays. The best sub¬ 
stance found appeared to be potassium iodide. It usually occurs 
as crystals no larger than a buckshot Accordingly, in order to 
make any satisfactory progress it wus necessary to procure larger 
crystals, preferably large enough to make a prism of five or more 
centimeters on an edge, but at least so large that such a prism 
could be built up by cementing parts of it together. Experiments 
had been, made at the General Electric Co. for producing large 
crystals needed in war operations, and they very kindly undertook 
to try to grow potassium iodide crystals also. A number of crystals, 
very satisfactorily clear, have been produced by them as large as 
2 centimeters on each edge, and from a sufficient number of these the 
prism required for going on with this long wave length work may 
probably bo formed. 

Mr. Aldrich spent a long time on the development and testing 
of an apparatus for determining the constant of the fourth power 
radiation formula ordinarily called a. This is a very difficult 
research. The quantity is already certainly known within 5 per 
cent and many physicists would believe even closer than this. Many 
researches have been made upon it and in order to do a piece of 
workworth while it is necessary to show that it is certainly accurate 
to 1 per rent. After many experiments it was found that, this 
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degree of certainty could not be secured with the apparatus which 
Mr. Aldrich and the director had designed and which Mr. Kramer, 
the instrument mi Jr nr, had constructed, and so the work was given 
over for a time. 

At Meant Wilton. —Mr. Aldrich continued the observations of the 
solar constant of radiation until the middle of October, ISIS, and 
returned to continue them early in June, HMD. In September of 
1918 bo made a very interesting observation in cooperation with the 
Army Balloon School at Arcadia at the foot of Mount Wilson. It 
consisted in arranging a pyranometer to he hung below the basket 
of a captive balloon, which could be raised above the level of the 
great horizontal layer of fog which often covers the Sun Gabriel 
and other valleys in the neighborhood of Los Angelos in a sheet 
many miles in extent. On this occasion the layer of fog extended 
from 1,000 feet of altitude to 2,500 feet. The balloon was raised to 
about 200 feet above the layer. An officer of the balloon school 
exposed the apparatus under the balloon to the radiation from the 
sheet of fog, while Air. Aldrich, on the ground, observed the deflec¬ 
tions of the galvanometer. The galvanometer was connected to the 
pyranometer by a pair of wires about a half mile lung. Simul¬ 
taneously observations were made on Mount Wilson with the pyrheH- 
Wneter to determine the exact character of the day, and on other days 
of similar character Mr. Aldrich exposed tins pyranometer to the 
radiation of the sun and sky combined. Thus knowing the radiation 
reflected from the sheet of fog, and knowing the radiation on a similar 
day coming down from the sun and sky, he was able to determine 
the reflecting power of a great layer of fog. This observation is 
very useful for (he study of the relations of the temperature of the 
earth to radiation. The result of the experiments, which were con¬ 
tinued for several hours without interruption, was very satisfactory. 
The final value for the reflecting power of a great horizontal sheet 
of fog was 78 per cent. 

The weather on Mount Wilson, in the autumn of 1918, was un¬ 
commonly poor for the solar constant work, as rain fell frequently 
and a great many clouds come up. Altogether it was the. most 
unfavorable weather which is as been experienced in any observing 
season there since it was occupied for solar constant purposes; 

SOUTH AKEXt [CAN EXPEDITION, 

Several considerations let! to the decision to make a small expedi¬ 
tion to South America in the spring of 191&. The Institution had 
equipped an observatory* at Calama, Chile, to measure the solar con¬ 
stant of radiation. The Argentine meteorological service, through 
its chief forecaster, Mr. Clayton, had been determining the effects of 
the variation of the sun on the temperature and other weather condi- 
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turns of the earth, and had been ■*> ranch impressed by the value of 
the solar variation observations for forecasting purposes that they 
bad arranged to receive daily telegraphic reports of the values ob¬ 
tained at CaJams, Chile. The director of the observatory at Cal&ntt, 
Mr. Moore, had conceived a feeling that the sin,’ conditions were not 
as favorable as perhaps might he secured in other parts of South 
America or elsewhere and feared that it was unwise for the Institu¬ 
tion to continue to conduct the operations there. On all of these 
accounts it seemed necessary for Hr. Abbot to go to South America 
and deal with these several matters. 

In accordance with the sundry civil act, which failed of passage on 
March 4, 1910, but was approved July 10,1010, the following authori¬ 
sation was secured; 

Tlie unexpended balance of the npproprlntloa "For observation of Hid total 
eclipse of the snu of Jane 8, ISIS, nml «r> forth," Is rcapproprlutcd and mmlc 
available for observation of the total eclipse of the sun ot May 2S, 191D, visible 
In Bolivia, 

The two 11-foot focus 3-inch cameras employed by the Smithsonian 
observers at Widesboro, N. C,, in 1900, and again by Mr. Aldrich in 
1013, were equipped with a collapsible tube and other mechanism, 
so that they could be speedily arranged with equatorial clock-driven 
motion to photograph an cclipw in South America. Mr. Moore, at 
Column, was instructed to a mm go to join Dr. Abbot with the pyranom- 
eter employed there, so as to observe the degree of darkening of the 
sky and sun as the eclipse progressed. Arrived at Cnlama, the appa¬ 
ratus was repacked for use in the field, and Messrs. Moore am] Abbot 
proceeded to La Pan, Bolivia, where, owing to the kindness shown 
by Mr. Babbage, of the railroad, arrangements were made to ol^rve 
close to the railroad station at El Alto, situated about 1,500 feet above 
La Paz, at an altitude of about 14,000 feet above sea level. The day 
of the eclipse, Slay SO, proved very favorable. The sky was entirely 
cloudless in the neighborhood of" tho sun for several hours. Mr. 
Moore had observed during the day before and during the night, and 
continued his observations each minute throughout the totality and 
the succeeding partial phase up until about two hours after sunrise. 
Dr. Abbot had set up and adjusted the photographic tel (scope with 
Mr. Moore's aid, and except for one defect it operated perfectly. 
This was that since tho eclipse took place so very early in the morn¬ 
ing, only 20 minutes after sunrise, the rate of motion of tlie sun 
above the horizon wins not uniform with that which would occur in 
the middle of the day, owing to refraction. The apparatus had only 
been set up the day before, so that there was not time to work out 
this matter to know exactly how to rate the clock at the moment of 
eclipse. Preliminary' observations of May 28 had indicated that the 
clockwork ran a little too slow. During the day it was speeded up 
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a little, but oa the day of the eclipse it proved to bo a trifle too fast, 
so that the moon appears to be elliptical rather than perfectly round, 
aa it should hare been, except for the slight motion of the moon rela¬ 
tive to the sun during the eclipse. However, this defect is not very 
noticeable, and excellent photographs were obtained with both lenses, 
but particularly with the one which was exposed 1 minute and 30 
seconds rather than the other, which was exposed 2| minutes. 

The phenomenon was uncommonly grand, far more so than appears 
in the photograph. The sun had risen over a snow-capped 
mountain, about 20,000 feet high. It rose over half eclipsed, with 
the crescent horns pointing upward from the horizon equally. In 
20 minutes totality occurred, and there shot out over 20 fine sharp 
coronal rays, greatest elongated along the equatorial zone, hut also 
visible to great distances from the poles. At the lower limb there 
was a very large flaming red prominence, which at that time rose 
to perhaps a quarter of the solar radius, and had a very long side 
extension, after the manner of a hook. The same prominence was 
observed by spectroscopic methods in the United States, at the great 
observatories, ami was one of the finest prominences over photo- 
graphed. It is very interesting and fortunate that the early history 
of this prominence was enriched by the photograph made at La Paz 
- Ff > very early in the morning. 

Taking the whole phenomenon together, the mow-covered moun¬ 
tain. the brilliant sky at that great altitude of U,OO0 feet, the very 
numerous and long coronal streamers, and the enormous crimson 
prominence costing its glow over all. the spectacle was tral v glorious 
and by far the most impressive of any of the eclipses which have been 
seen by the writer. Tt was reported that the Bolivian natives lighted 
many fires and supplicated the sun to return, after old Inca tredi- 


.“'J/ 4 ' Immediately after the eclipse Messrs Moore 

and Abbot proceeded to La Qniftcu in Argentina for the purpose of 
having a conference there with the director and forecaster of the 
Argentine meteorological service, air. Clayton, the official fore¬ 
caster, submitted for their inspection results ho had obtained during 
several years in the comparison of the weather of Argentina with 
thu variations of solar radiation reported by the Smithsonian observ¬ 
ers at Mount Wilson, Calif., and Calama, Chile, an d the results ob¬ 
tained by using t he measurements of Calama for the forecasting of 
the weather in Argent inn, 

Mr, Clayton gays: 
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prrnmre In South America, iri*h n few excepting tl^t mnj easily have resulted 
from errors la ibo aiep fill remeutE of solar radtn lloa At Ddchivs Altes the ratio 
of temperature chunufc to solar ctaange at tbe Umc of Breatedt solar activity 
wna foum) from the overages of Eevrrn] searg to bo 1.4 C. for each chftciEo of 
1 per cent In tolar radiation- Since the extreme so Tar valecs mage ubosil 6 por 
ctmt on el tlier aide of the tru^a, there ml phi result departures from the normal 
nt Buenos Afres from thEs cause of about S ri a The extreme departure from 
the normal otwtvHj at Buenos Aires during the Inst 33 years luia been, 11,5 C. 
The re pm Its of these researches have led me to beHeve that the es luting nbnor- 
mnl changes which wo call weather have their origin <MtiSj r It not entirely, 
lh the varTetJon of solar radiation. 

Natural Iy ? these results, which are supported fiy an enormous 
amount of careful and conscientious computation on the part of the 
forecasting division of the Argentine meteorological service, arc of 
extreme interest. They point to the great desirability of equipping 
In different cloudless regions of the world several observatories de¬ 
signed for the measurement of the solar constant of radiation. The 
chief of the Argentine weather service Mr. Wiggin, desires very 
Hindi to take over the South American Nation of the Smithsonian 
Institution, to be maintained by the Argentine meteorological serv¬ 
ice* Tentative arrangements were entered into between Dr, Abbot 
and Mr* Wiggin for this purpose, which, however* require the further 
approval of the Argentine Government to become effective. If suit¬ 
able arrangements far the transfer can be made*, it is hoped to employ 
the funds thereby set loose for the establishment by the Smithsonian 
Institution of a solar station in Egypt., 

From Argentina* Messrs, Moore and Abbot returned immediately 
to Cahiiita. 

SfragutemenU of the Solar Constant of Radiation at Calami t f 
Chile .—When Dr + Abbot, reached Cnlama he found that Messrs. 
Moore and Abbot had prepared data giving the pyrhdiometryj the 
transparency of the atmosphere for nearly 4fl wave lengtlis, the func¬ 
tion p/psc* and pyranometer values representing the intensity of ihe 
radiation of the sky in a zone 15 0 wide surrounding the sun. All 
these values were tabulated with solar constant values for 00 day* 
of observation and for each day at periods when the air masses were 
2 and 3 T respectively. 

We have felt very keenly the desirability of devising some method 
of determining the solar constant of radiation which would be inde¬ 
pendent of changes in the transparency of the atmosphere during 
the period of observation. It hud been hoped that this might bo 
done in some simple way by the aid of the pyranometer, that instru¬ 
ment which we devised several years ago for the purpose of measur¬ 
ing the brightness of the sky* It h vrell known that when the -ky 
becomes more hazy the direct beam of the sun is reduced, in ini entity, 
but tin; scattered light of the sky at the same time id increased. Ac- 
12573"—£1—T 
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cording}y, it would seem that a pynmometer measurement of the 
brightness of a limited urea of the sky near the sun would furnish 
an index of the state of the transparency of the atmosphere at the 
moment of observation, and this combined with the usual observa¬ 
tions of the solar intensity at the earth's surface by the pyrhelinme- 
ter, and combined further with Lhe determination of the quantity of 
the aqueous vapor between the observer and sun {which is indicated 
by tlie state of the great Infra-red absorption bands, g and 9) might 
give the means of estimating the solar radiation outside the atmos¬ 
phere from observations made at a single instant of time. 

With the various data mentioned above as a basis, the writer en¬ 
deavored to find some method of determining the solar constant of 
radiation without tbo necessity of treating the several wave lengths 
of radiation separately, but after almost a week spent in working - 
over the data, trying to combine them along these lines, the effort hud 
to ho abandoned. Mr. Moore had, however, suggested that if we 
knew the coefficient of atmospheric transmission for all of the indi¬ 
vidual wave lengths on a given day and had observed with tho 
epectroWumetcr and pyrhaliometer at air mass 2 or at air mass 3, 
we rould determine the solar constant from these data at once. All 
simple means having failed to give a satisfactory method, Mr. 
Moores suggestion was acted upon, and it was found possible, by 
noting the value of the function g/gsc and the intensity of the sky 
light in lhe neighborhood of the sun, to determine at once the trans¬ 
mission coefficients for all wave lengths. This we do by means of 
plots In which the dala for the GO days mentioned are employed* 
These dalEi were used in the following manner: 

Taking the! value obtained at air mass £ by the pytanomeler for the 
limited wren of sky around the sun t dividing it by the value of g/gm 
at the corresponding time, wo obtain a function which we may call 
F, I lotting values of ^ F T as abscise against values of the trails- 
mis.-,bn coefficients for each measured wave length fl-S ordinates, we 
obtain about 40 plots. These for the infra-red region of the spectrum 
are nearly straight lines but tlicy become mere and more convex 
toward the axes of coordinates for the rays of shorter wave lengths. 
In tliis 60 days which were available for the investigations the func¬ 
tion u F ranged through values running from 100 to 900 of a cer¬ 
tain scale, while the function “a”—that is 1 the transmission coeifi- 
ciont ranged only through a very few per cent and for a large por¬ 
tion of the spectrum, including the infra-red region, hardly through 
more than 1 or 2 per cent. Accordingly great error is allowable in the 
function « F * without greatly affecting the accuracy of the inference 
as to lhe value of the function “ a/ 1 In short, by means of the func¬ 
tion F we ore able to determine the function H a ,T for oil wave 
ngt is with highly satisfactory accuracy from obser vat ions at a 
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gingle point of time, so that changes of tlio aimospheric transparency 
during the period of observation are avoided. 

This new method will hereafter be employed by the Smithsonian 
observers at Calama in combination with the old, not only for air 
mass 2, but for air mas 3 t and they will check one against "the other 
frequently for a considerable period of time until we are abundantly 
satisfied of the accuracy of the new method of observation, Hith¬ 
erto the new method has enabled ns to save at Culamn a number of 
days of observation which, owing to the obvious changes in trans¬ 
parency of the atmosphere! due to formation or disappearance of 
eJouds 1 would otherwise have been lost. 

So far as we have as yet been able to compare the results by the 
old and the new methods* they are on the average closely identical, 
For instance, on July 1 three values of the solar constant were com¬ 
puted: ft) By the old process; (2) from observation at air ma^s 2; 
(3) from observations at air mass 3. The results obtained were as 
follows: 1.&48, LD40t L955, all agreeing within less than 1 per cent, 
and the mean of the results by the new process agreeing identically 
with the retail by the old* 

The new process requires but two or three hours of work, where 
the old required about 15* so that if it continues to appear us satis¬ 
factory as now a very great gum in labor will result from it Not 
only is this so, bul a still greater gain we think will come in accu¬ 
racy, for we have now, eliminated the fruitful source of error, de¬ 
pending on the variability of the atmospheric transparency during 
the observations* 

The now method of determining the solar constant of radiation is 
not applicable to other stations than Catania without a new screes 
of contemporaneous solar constant determinations by the old method 
and pyranometer observations at air mass 2 and air mass 3 to use 
with them* We have not at present available the necessary pynu 
nometer observations at Mount Wilson, but we shall undertake to 
obtain them at the earliest practicable moment, and hereafter it is 
probable that the new method of determination will be employed 
there as well as in South America* 

On the whole! the expedition to South America was unexpectedly 
fruitful. First, satisfactory observations were made of the eclipse* 
including both photographic observations of the eclipse phenomenon 
and pyranometer observations of the brightness of the sky during 
its progress. Second, a very interesting conference was held with 
the chief and chief forecaster of the Argentine meteorological serv¬ 
ice, in which they explained their investigations of the application 
of solar radiation measurements to weather forecasts and indicated 
their high setinv of the value of solar radiation work for weather 
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forttiAsting. Third, invfistigntiotis (it Culama. based upon the oltsor* 
rations there indicated a new empirical method of determining the 
solar constant of radiation, wlueh appears to be equally as accurate 
as the old and to have the great advantages: (1) That it avoids tho 
assumption of uniformity of atmospheric transparency during tho 
several hours formerly required for observing, and (2) that it di¬ 
minishes the time required for computing the result from about 15 
hours to about 3 hours, 

PERSOSTCfEL, 

Miss Florence A. Graves, computer, was placed on furlough be¬ 
ginning September 5,1918, in order that she might take up work in 
connection with the Red Cross operations in France. 

Miss Gladys L, Thurlby reported as assistant computer on Decem¬ 
ber 2. 1018, and Mss Inez A. Ensign reported as computer on Feb¬ 
ruary* 1,1310. 

SUMMARY. 

At Wiishington, outside of the usual reductions of observations and 
mrious pieces of experimental investigation, some connected with 
the war, others with the study of radiation, but for which, for one 
reason or another, no definite result can at present be reported, 
progress has been made with the preparation of a new optical me¬ 
dium, potassium iodide, for the investigation of the rays beyond 
where rock suit is transmissible, and a new instrument based upon the 
principle of the perfect radiator or ;1 absolutely Mack body ” has been 
prepared and Is undergoing test for the purpose of measuring noc¬ 
turnal radiation such as the earth sends out to space. 

At Mount Wilson the measurements of the solar constant of radia¬ 
tion have been continued, and a very neat and excel lent piece of 
work has been done by Mr. Aldrich, in cooperation with tho Army 
Balloon School at Arcadia, on the measurement of the reflection of 
sun and sky radiation from great sheets of clouds, which lead to the 
result that a fully clouded earth would reflect to spare 7S per cent of 
the radiation of the sun falling upon it 

In South America, a successful expedition by Dr. Abbot observed 
the total eclipse of the sun on May 29 at La Pax, Bolivia. Good 
photographs of the phenomenon and also pyranometrie observations 
by Mr. A. F. Moore of the brightness of the sky were obtained dur¬ 
ing the progress of the eclipse. A con for onto which is likely to prove 
of great future value was held by Dr. Abbot with the chief and chief 
forecaster of the Argentine meteorological service with reference to 
the employment of solar radiation measurements for weather fore¬ 
casting. At Calama, Chile, Dr. Abbot, in cooperation with thu 
Smithsonian observers l he re, Messrs. Moore and Abbot, devised a 
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new method of reducing solar radiation observations so as to deter¬ 
mine the sol it r constant of radiation with at least equal precision to 
that obtained Ly Lite older method, and the advantages (1) that the 
new method is independent of the variability of atmospheric trans¬ 
parency, and (2), that it requires only about one-fifth as much time 
us the old, 

Respectfully submitted. 

C. G. Armor, 

Doctor, A$tr&p7iysical Observatory. 

Dr. C. D. "Walcott, 

Secretary. Smithsonian Institution. 


APPENDIX 6. 


REPORT OK THE LIBRARY. 

, ^ have the honor to submit the follow!tig report on the activi¬ 

ties of the library of the Smitlisoniun Institution during the fiscal 
year ended June 30, 191 9: 

The receipts of publications during the year numbered 241570 
packages. Of these, 23,5IT were received by mail and 1,153 through 
the international exchanges. Five hundred and six tv-one volumes 
were completed and 11,443 periodicals were entered- * 


SMITH SOMAN LI BRA It r. 

Main f&mry, Publications for the Smithsonian Main Library, 
after entry on the records, are forwarded to the Library of Commas 
for the Smithsonian deposit. The accession numbers" for tlie year 
extended ^ftom 829,925 to 532,002. The actions induded 1883 
ujhimca, 242 parts of volumes, 348 pamphlets, and 87 clouts 

The cataloguing covered 2,490 volumes and 85 charts' 1 Mt voi 
umes were ivcatalogued; 1.909 cards were typewritten, knd 895 
pnnted cards from the Library of Congress for publication dr 
posited by the institution were filed in the catalogue; 5,721 public 

w£T lS Mr IT**? the L11>r!kl7 1>f ^ accordance 

" itli the fetab Juried practice. 

The securing of publications in exchange for Smithsonian publica¬ 
tion:, wasaired on under war conditions with results that f u ll v 
*J e **“*» nntl **« completion of sets in the Smithsonian 

tZLi:^vt arj ^ Us •*“ -th n. 


Number of wunt Gaul* rttgitf from Library 

From SmlHiscmlaji DlvMini __ 

Froai Periodic*! Division 
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Numbrr of publication* sreurel for Library of Centres*; 
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Volume. I'jjria. 
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Office reference library, —The accessions for the office library*, which 
includes the Astrophysics! Observatory and the National Zoological 
Park, amounted to €39 publications, distributed as follows; Office 
library, 358 volumes and £0 pamphlets; Atrophy si eal Observatory. 
89 volumes, 11 parts, 18 pamphlets; National Zoological Park, 110 
volumes and 3 pamphlets. There was a circulation of 140 volumes. 

Aeronautical coffeeturn* —Continued interest has been munifestod 
in the institutions collection of aeronautical publications, which has 
been of special value to aeronautical-research workers in the Army, 
the Navy, and scientific institutions. Seventy-eight titles have tacn 
added during tbe year. The Bibliography of Aeronautics, com¬ 
pleted last year, is being printed by the National Advisory Commit¬ 
tee for Aeronautics, and will be ready for distribution shortly, 

Reading room.' —No new titles of particular interest have been 
added to the reading room during the year. In the interest of war¬ 
time economy on the pail of the publishers, several popular maga¬ 
zines were not received in exchange. The number of magazines 
loaned during the year was 3,140. 

Employee# library ,—The number of loans in the employee* 1 library 
was 332- The collection has been ^catalogued, classified, and rear¬ 
ranged on the shelves. TIuj volumes in the stacte are being rear¬ 
ranged. so that, the magazines in greatest demand will Ijc rendered 
mure accessible. 

Art room /—The collection in the art room, including the pieces of 
statuary as well us the books, have been carefully gone over during 
the year, and those that could nut be considered as relating to the 
fine arts were sent elsewhere in order to make room for material 
which should bo placed here. The largo cases were remodeled in 
order to take care of the large portfolios of prints, especially tbosi 
of the Marsh collection, and other boob which should be under cover. 
The whole contents of this room is rearranged, catalogued, classified, 
and put in thorough order. 

Dc Peyster cotUctivn.— Author cards for 1,72*2 titles of boob in 
the De IVyster collection have been mode, and the volumes on Trench 
history, numbering 869 titles, have been arranged on the shelves and 
rendered accessible. 

NATIONAL MUSEUM IJULAJiT. 

The loans made by the Museum library during the year were 13,913. 
an increase over last year of 2,«7«. There were catalogued 1,048 
volumes, 3,22® pamphlets; 62 volumes and \ 15 pamphlets were re- 
catalogued; 1,322 volumes were sent to the Government bindery and 
710 returned. 

The most important acquisition was a set of catalogues of the 
J. Pierpont Morgan art collection, presented by J. Picrpoot Morgan. 
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jr. The set numbers 29 volumes, many of them privately printed in 
numbered editions. Acknowledgment is due the University of Michi¬ 
gan for the gift of the 12 volumes published of the Humanistic Scries. 

The Accessions wore further increased hy transfers from tins 
Hygienic Laboratory, and contributions frorn Mr- B. H. Swales, the 
estate of Dr. Richard Kathbun, Dr. C. D. Walcott, Mr. William 
Sch a us, Dr. O. P, Hay, Dr. C. W. Richmond. Dr. W. 1L Dull, Dr. 
Mary .1. Ruthbun, Mr. A. H. Clark, Mr. W. R. Maxim, find others. 

There were accessioned during the year 2,172 volumes, 2,585 pam¬ 
phlets, 29 parts of volumes, The numljer of books in the library 
now is 141,794, consisting of 54,685 volumes and 87,109 pamphlets and 
unbound papers. 

Technological jer/rt.—Additions to the technological library num¬ 
ber 346 volumes, 4,096 parts of volumes, and 750 pamphlets. Current 
periodicals entered and shelved number 56 volumes and 3,091 parts 
of volumes. The back file of periodicals in the Stacks have been 
examined and recorded from earliest issued to date. Entry was made 
for 4.249 volumes arid 6,172 parts of volumes not entered before in 
the periodical record. The record of all periodicals is now complete 
and will bo kept up to date for reference and consultation; 885 cards 
were added to the catalogue, 362 being for new material and the 
remainder of class 500. 

In the scientific depository catalogue 10.230 cards were received, 
arranged, and filed. Of these 3,032 were main author curds, subject 
headings and titles being added for 7,198 additional cards in accord¬ 
ance with the plan of a dictionary catalogue. 

The bonis and periodicals loaned during the year number 121 
volumes, 21 pamphlets, and 104 periodicals or parts of volumes, 
nuking a total circulation of 245. 

Sectional library, Division of Plants .—The revision of the books, 
serials, and periodicals in the Division of Plants has been satisfac¬ 
torily completed. A card catalogue has been made 0 f all of the 
books in the sectional library, numbering 096 titles, or 1,30$ volumes. 
A periodical card record has been made for the recording of all 
volumes and parts of volumes now in the section, and current num 
bers are to be entered as received. The total number of publications 
thus recorded is 701 volumes and 153 parts of volumes. All com¬ 
pleted volumes of unbound periodicals, numbering 38, have been 
collated and sent to the bindery. 

In the course of revision, 164 volumes were transferred from the 
main library to (lie sectional library, inattnuch as they proved to bo 
of special value to the division, and 64 volumes of lessor direct bear 
ing on the division’s work were transferred to the stacks of the main 
library; **10 volumes of the recent Diltinons acquisition were res- 
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bound or repaired ami placed on (he slaves cither in the sectional 

library or in the main library stack rooms. , , . 

The entire collections have been gathered together and shelved i 
alphabetical order in the old regents; room, with the exception of a 
small number of books kept in adjoining offices, whore thej are 
especially needed. A card catalogue ease has been ordered and will 
be placed in the library room, to contain not only the catalogue o 
the sectional library of the Division of Plaatebnt also a dipHcato 
card catalogue winch has been prepared of all books and porM 
of (be main Museum library on the subject of botany. By »U«*ug 
these and shelving them In the first floor stocks m tl* west end of the 
Smithsonian Building, next to the John Donnell Smith faction, 
all the available works on botanical subjects have been brought to¬ 
gether and rendered readily occessible* , 

Sectional libntrk*.— Following ’» » complete list of sectional 


libraries; 

Ailirtliiltftn* tLon. 
AilmlnlAtn&tto mertu t- 

%nVs office. 
AUtliroptilagy 
Biology. 

BitU* 

BoEiuiy- 

Ckj cuiku rati yc n wtiotnj ■ 
EiUtor'^ oGicc, 

Ktlmot ufiy. 

Fkihca. 

Food 
Otirtogy- 
Graphic Orta. 


History* 

Insects* 

Invi?rteimile |i & I s e tt - 

lutogy. 

iluiimiiils. 

Motto IweiMrate*. 
Mttct v rjn lupdlwu 
Mechanl™! tedmoleJEJ. 
limnole fosrflfl. 

Mineral teduKdogy- 
M Literals 
Alollnakifi- 

3rtentnl imlieolegy- 
Pnl+!«iUitmiy. 


FomslteA 

Ffcmuj^mphy. 

Physical anttiropolopy. 
Frehlstark archeoiosy, 
property clerk. 
Registrar's afllee- 
R^pGtoa EkEiil bofcmeblan* 
Superlntea&il^B oftlcfe- 
Taxldenny* 

Textiles. 

Vextomti fprifeontolosj. 

Wttr library* 

Wood ttttittoiegy- 


BUREAU OF AMERICAN I^HNOLOGY LIBRARY. 

V report of the operations of the library of the Bureau of American 
Ethnology will be found in the report of that bureau. Ibis library 
is administered under the direct care of the ethnologist in charge. 

ASTBOFHYSICAL OBSERVATORY LIBRARY, 

The collection of reference works relating to astraphymra has ton 
in constant use. Eighty-nine volumes, 11 parts of volumes, and 18 
pamphlets were accessioned during the year. 

NATIONAL ZOOLOGICAL PARK LIBRARY- 

The library of the National Zoological Bark made un incl ease dur¬ 
ing the year of 140 volumes and 3 pamphlets Tins library is not 
extensive, but is simply a working library. 
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The accessions during the year* vrith the exception of the library 
of the Bureau of American Ethnology* may be summarized as 
follows: 

To the Smlchflotitan deposit lu the Utmry of Coa«re^ I nd titling parte 

to complete j$cL* —_ „ _ _ _ ____ _ __ *077 

Tu the Smith son liiiL olfos% Aatraphy-Hbul Observatory* nmJ National Eoo- 

logical Park _ ___ __ „___ _ ^ 

To the United Stott* Nwlioniil Umwiih _____ 


7 f rm 


Respectfully submitted. 

Paul BroukktTj 

_ _ _ __ Assistant Librarian. 

Dr. Cjiahlejs D. Waxcoit, 

Secretary of the Smithsonian Institution. 















appendix 7. 


REPORT ON THE INTERNATIONAL CATALOGUE OF 
SCIENTIFIC LITERATURE, 

Sir: I have the honor to submit t he following report on the opera- 
tions of the United States Human of the International t. utalogue of 
Scientific Literature for the fiscal year ending June 30, 
Notwithstanding the fact that the war in Europe practically ceased 
when the armistice of November 11,1918, was declared, international 
affairs are still in such a chaotic state that no i-eorganizut.on of the 
International Catalogue has yet been posibte. AM of the regional 
bureaus are in practically the same condition as hey were in 1JL8, 
and are having difficulty in obtaining suitable wd toewg^on thur 
work. These conditions also greatly hamper the work of the Central 
Bureau in London, which, in addition, is faced with the pressing 

need of greater financial assistance. 

Tlie receipts of the London Central Bureau, whose sok support 
is derived from sales of the catalogue to the various subscribers 
threuglioul the world, have been greatly curtailed and 
seriptions increase or the bureaus of Germany, Austria, Hungry, 
Poland, Belgium, and Russia, who are in arrears to die extent of al¬ 
most $9,000 W annum, again contribute their support it will be 
e^arv to obtain assistance from some oilier source to finance the en 
ternrise after the publication of the fourteenth annual issue. 

Since the publilation of the last annual report of bu^W 
eight volumes of the catalogue have been puldishcd whidi com- 
pfctes the work through the thirteenth annual issue, with the csrep- 
Son of one volume, that of physiology. Twelve of the IT volumes of 
die fourteenth annual issue hare been published. 

Tll“ burwu H»s continnnd to collect nnd M the jtoH.otl.on. 
,* the Fritod States, entl hns now on hend n gnait quantity of nieto- 
ri, L thnhtinte .itomen of the cetotopte; iodeod. in nptfa. o war 
the neiencee, notnhly neology, hnve been indexed 

££«*- the - ** there 

woiild'hiive to be a general reorganization of the catalogue when in¬ 
ternational affairs become sufficiently settled to enable the various 
countries taking part in the enterprise to decide how much aid they 
can individually render in order that the ever-increasing literature 
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of science may bo made available for general reference, imd then 
through tlieir representatives and delegates agree with the other na¬ 
tions on a plan to continue this great international index to science. 
Methods and means were very thoroughly considered bo fore be¬ 
ginning the publication of the catalogue in 1901, and the methods 
then decided on and the classification schedules then published 
were probably at that time the best means of attaining the end 
sought: but the condition of the world and the methods and aims of 
sc ion l l fie workers have now so changed that it is apparent that the 
organization and methods of the International Catalogue need re¬ 
vision. I hr lJoyal Society of London, which has been the principal 
igionsor of the Catalogue sines the beginning, has recently aniionnced 
tluit after the completion of the fourteenth annual issue it will be 
necessary for some new financial agreement to be made in order to 
continue the work, and lias requested the scientific academies 
throughout ilio w orld to offer suggestions aft bow best to accomplish 
the end in view. 

It may be well to here consider the need and aim of an inter, 
national organization |o calakgjjguo scientific Literature. 

Many of the greatest minds uf the day an> ™gftg»d in researches 
and investigations the results of which are finally published in some 
form. It is obvious dint means should exist to enable other workers 
in the some or similar fields as well as the general render to refer to 
these publications, 


Revolutionizing ndvanres in many of the arts, industries and 
trades are often made by means of scientific research, and what to-day 
appears to be an abstract investigation in pure science to-morrow 
becomes a stopping-stem, to some epoch-making Invention which 
either entirely changes an old or establishes a new trade or industry 
1 his was true even before the present war, but since then cases of su £ 
revolutionary discoveries have multiplied to such an extent that it 
hardly necessary to cite examples. All of Hie sciences have their 
* F niLl journals many of which publish very complete indexes and 
- cn abstracts likely to be of interest to the specialists in various 
seicnees, bnt there rs no pul 1 1 jcutmn similar to the International Cnla- 
ioguii of Scientific Literature, whose aim is to index mid classify 
all of ha litereture of the pure sciences of the world. It has 2J 
on, o the ft.msa-f the catalogue Since 1 lie beginning to cooperate with 
? ‘ U1U J P ubllsJiers other similar indexes in order to obviate 

duplication of labor. Cooperation of (Ida kind hos been iccom 
jili-shed m severe I cases, notably that of the 2oolo<d™i r l \ \ 

?r 2» >“!•«* ™ USfi- *£2SZ2ZS2‘2& 

International Catalogue and the Zoological Society of London *2? 


REFOirr OV tiif. KEtTiurrABT. 


97 


l.o |to far superior to any index of the kind ever published or, indeed, 
attempted. At the convention held )n London in li*10 a commit too 
was appointed and authorized to form similar combinations with 
the publishers of other indexes and yearbooks, hut, unfortunately, 
for various reasons it has not yet been possible to form such com- 
binalions to the extent authorized by the convention. 

Very respectfully, yours, 

Leosakh C. Gtfjrcrau*, 

AssUtant in Charge, 

Dr. Chaulbs D. Wucnr, 

Secretary Smithtonkm Institution, 



APPENDIX 8. 


REPORT ON THE PUBLICATIONS. 

Sm: I have the honor to submit the following report on the pub¬ 
lications of the Smithson inn Institution und its branches during the 
year ending June 30,1910: 

The Institution proper published during the year 10 papal* in 
the series of Miscellaneous Collections, pamphlet copies of 2 Annual 
Report separates, and 1 special publication. The Bureau of Ameri¬ 
can Ethnology published 5 bulletins, 1 Annual Report, and 1 ad- 
Timca extract from the volume. The United States National Mu¬ 
seum issued 2 annual reports. 2 volumes of the proceedings, 
separate papers forming parts of these and other volumes, 6 bulle- 
tins, and 20 separate parts of other bulletins. 

The total number of copies of publications distributed by the 
Institution and its branches was 161,383, which includes 404 volumes 
and separate memoirs of Smithsonian Contributions to Knowledge, 
15,603 volumes and separate pamphlets of Smithsonian Miscel¬ 
laneous Collections, 13,885 volumes and separate pamphlets of 
Smithsonian Annual Reports, 118,332 volumes and separates? of Na¬ 
tional Museum publications, U,4$3 publications of the Bureau of 
American Ethnology, 1,444 special publications, 10 volumes of the 
Annals of the Astrophysical Observatory, 60 reports of the Ilarri 
man Alaska Expedition, and 58 reports of the American Historical 
Association. 


SMITHSONIAN MISCELLANEOUS COLLECTIONS. 

Of the Miscellaneous Collections, volume 67, l pR p er w h 
lished; volume 68,1 paper, title page, and table of contents-‘volume 
69, 7 papers; volume 70,1 paper; in all, 11 issues, as follows: 

VU&FME AT- 


> T ti. 4 . Cnmbrlnn Geology and Paleontology' jy h ^ 

TrllobElesi By diztrl&s D, Walcott. TN?ctMulif»r* ims. 21 S pj ( 

ToirticE ea. 


App'Ti^q zva qf 
<TuhL £523 + ) 


Title pa^e and toblf of tPBbL 2 S 2 a> ^ 

No, 12. Lxplunitiorm nnA FltfU-Work of tho SmLtlwonlun |n2, , 

134 pp. (PnbL 211)2.1 July 24. JIMS. Ulutiwa In l&n. 
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By I* E, Ald- 


VOI.UMB »». 

No . 2 . nie Mobscs Collected by tbe StultJiHJiUan African Expedition. WOO-lO. 
Ity If. N. Dtxun. October S, 1918- 39 PI 1 - (Ent*L 2494.1 
No. 4. Early Mestwofc rhysbtgrapliy of the Southern Rocky Mountains. Ej 
WIUM T- Ijcc, July, IBIS. 50[>p. (PobT. 249".> 

No. & D'pin Mosses Outtocicd by R. Otumner and other* Hi H. N. 

DIvXL Orf-21. 1018. 11 PP- (Pub!. 2522.) 

No. 9. The Smithsonian Eclipse Expedition of June 8, 1015. 

rich, |i*«h &, 191®. 23 p®. (PuW, 2527.) . 

No, 10. Tho Itcflectlnfi Power of Clouds. By L. B- Aldrich. F.bn- . 

r> NV lif The'alecs of Eusslu* By AlcS Hrilliflifu March, IBID. 21 pp. 

1 T12 ^Jocnnln«oe Outrun-Amcrlcannc cl Econ<l«rcn»efc By Cnalmlr do 
Candolle. April 9, 101 n. 10 pp. (Pub. 253a) 

trauma to. 

No i A Lower Cambrian Edrlonsterld (StremnlOcystUes wnlcottl). By 
Charles SchuchcR. Way 8,191* OPE (Puhl. 2534.) 

SMITHSONIAN ANNUAL REPORTS. 

Report for 1017. 

The general appendix of the report for 1017, which was still in 
press at the end of the year, contains the following papers. 
rtanteUiIne Erpl^lves, by Co ininnfMlon t A~ FL 
L , ,n.l 8U,er Oeposlw In XorU. «.»l Sw.l. Arerrtre. W 
Tb, cunpreltlre ml Street,,, o, Jlnw.rltre C»«w.red will. Ilmt M Ttrrre- 

S^relnL <jn,.,r..«' tW-* <* “« *“ * 

the Conilnc.it of Europe, by Charles Fa. T. Eroot4 

5-iBK sscasf^ a* as- - 61 

W. E. Saffortl. Auwrtcn. by Rainey H. True. 

snsrsasr-1-. «- - * * 

Merle Coulter. 

Bird Rookeries of the Tortufijifl, by Pnul Uar^,h. K 

An EcouADlc Consideration of Ortboplem directly AITectlus Men. by A N, 

Q TLm* of the Relations of Animals «o their Inland Borto*** by 

^ A Awonnt cf ,ts c#u * rt,<Ma ’ bT N - 

■JSSr. Habitation, a,l gj$* . MooW . 

SuomI 1 wi** UwBrftttt Museuni-Muacums nod Advancement of Lea™- 

l 1:^irtFuSpbyridaB end botanist, by Fjj*; 

In iDcmorlaiu; Edgar AM*f Me*™*,by Charles H. RichnN.na, 

William Bullock Cliirk. 
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REPOIIT FOU IDia. 


Tlia report of the executive committee unci proceedings of the 
Board of Regents of the Institution and report of the secretary, both 
forming part of the annual report of the Board of Regents to Con¬ 
gress, 'were issued in pamphlet form in December, 1018. 

Report of the executive committee mid proceedings of the Honrt] of XLcgetite 
of the Smithsonian Institution fur thfc year ending June 30, 3M& IS pp. 
(PnbL 

Report of the SfcreLory of the Snillbyonlnn IflrtjttttiOfi fur Ihu year ending 
June 30h 1018. IDi pp. (Fubl. 24ST.} 


The general Appendix of Hi? repnrt for 1018, which was in press 
et the close of the year* contains the following papers: 


lr The Discovery uf Helium, anil wlmt mine of lt + by c, G. Abbot, 
a Ap Aecmmt of the It tee of Navigation, by IE. EL Curtis* 

^ The Tonmdoes qf Hue United Statot, by IEohort I il<\ Want 
4,. Wind pitwei-i by Jaiu<# Carlin. 

6, A Tribute. Samuel rierpout Lansky i Plentur hi Practical Aviation* by 
Honrs.' LefEmnnn. 

O Modern Physics, hy IE. A. Millikan, 

7, The Experiment of Dr. P. \Y. Rrhicmnn on the Pnjpatlfcs of Mutter Wlrau 
Under IISgb Frcsrum. IntroLhiqtur? mote* by C, Q r Abbot, 

S. The problem of Radioactive Lead, by Theodora w. fUcluuikL. 

0, Sphagnum SloRst war substitute for cotton hi absorbent vmrgicja drtw> 
Logs, by George R Nichols. 

in. History of Hlbtnry MvilhHne nml Sts OnmrlfcutlonB fo SoScolv by Col 
W T F< CliuniberlnitL * 


11. Sonae Problems of TnEernntionnT Ttendjustiueiit of Mineral Strpptlra as 
Indicated Sti Ifrcqnt Foreign literature, by Elcnnom F. b|Ik< 

12. tteptik ElewratnutlneH In the United States National aWom w 

Charles \v T Gilmore, fc y 

13. A Pleistocene Cave Deposit of Western Maryland, by J K W, Gldlc 1 ^ 

1L Pnleobotany: A Sketch of tho Grttfp and Evolution of Flora#, hy £»wnrd 
W. Berry- 

lit. The Direct Action cf EnrlromMAt nnd Evolution, by Prince Kropotkin. 

16. Tlic Ijiw of lm'vpwlblc Evolution. by Cron!sin, v FntmilcvIcH. 

17. The ... Factor of Insect Evolution, by S, S. Chctverlkmr 

18 . The Psychic Mfe of Insects, hy E, L, Bouvter. 

1». Sexual Selection niid Bird Spur, by Clmunccy J. Hawkins 
20. Marine Cnmonfleun* and Ehqlr Cnnaouflnge: Tba present nml fi™®@c*hr* 
signifies mv of facts regarding celnratlon of tmnlral fishes hv w u r . 

£L ftof'Flow Agriculture In Pem, by o, F. Cwk, J IL 


2H Sun Worship of tie Ho^ IndUins, by J m "Walter Few-fccq, 
23- The tfcojme Of Ibo IroquoLs qcud It# ConaGlutloo: A 
tetfu* Dft vmoG In the Stone Age of America* by j, N. n, Unwitt 

24. Tlio Problem of DOBCoeracy, by fJ. F. TrodgmbL 

25. History In Tools, by W„ M. FTIndon? Pottle. 


constitutional 


m. T>ie Background of Totemlam, by R Washburn Hojiklita 

27. A OrpiLt Nntunilbft: Sir Joseph HfKtor, by Sir K. Hay Lank^t Pr 
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SPECIAL PUBLICATIONS. 

The following publication was issued in octavo form: 

Classified list of Smllhtonlnn publications available f"r illslflbotloG October 
13, 1018. 1018. 31 pp. (I’ubL 2S24.) 

PUBLICATIONS OF THE UNITED STATES NATIONAL MUSEtTM. 

ITic publications of the National Museum ate: («) The annual 
report to Congress; (&) The Proceedings of the United Stales Na* 
tbnal Museum; and (<ff) Hie Bulletin of the United States National 
Muse urn, which includes the Contributions from the United States 
National Herbarium. The editorship of these publications is vested 
in Dr. Marcus Benjamin. 

During the year the museum published 2 annual reports, 2 volumes 
of the proceedings, 48 separate papers forming parts of these and 
other volumes, 6 bulletins, and 20 separate parts of other bulletins.^ 

The issues of the proceedings were as follows: Volumes 52 and S3 
complete. 

The issues of the bulletins were as follows; 

Bulletin GO, I‘art VIII. The Bints of North ami Middle America, by Hebert 

Bulletin 00, East African Jlauunnte la tho United States National Muhcihii ; 
Part I, InsccHvani, Chlroptcra, and Carnivora: and Part 13, Kmk-ntio, Ln=o- 
tuorphn, and TubutUlentata. by N. Hoi Llsler. 

Bulletin 1W Contributions to the Biology of the Philippine Archipelago nmJ 
Adjacent Ret*»a Volume 1. part 4; Report on Hie Chaotosnatlu collected bj 
ihe United States Ftaherhs Steamer Altai™* during the Philippine BanodfUiK], 
1007 -I'uO by Ellis I*. Michael; part - r >, Hydranedw»fc Slphomiphorca, andCtcno- 
Ptrorwof the AIMlrttr* Philippine Expedition, by Henry B. Bigelow. Volume 2. 

‘ , . x ,„. SrtinKhie collated by the United State* Fisher!®* Steamer Attflt™* 

rn Philippine water* during the Jew* 1008 and 1W3. by Mayrmnl M. Metcalf; 
„ art o * Tito 8aMd*e—a tasonomlc Italy, tty Maynard II. Metcalf and Alary At. 
Bel! Volume 3 Contrlhut ions to Ibe Biology of the Philippine Archipelago and 
Adjacent Batons. Starfishes of the Philippine Seas and Adjacent Waters, hr 

" BqiMm ftff volume 1. The Energy Resourced of the United Stute*—a field 
for reconiH ruction, by Chester <3. Gilbert and Jowpb E. Pogue. Also, The Min¬ 
eral Industries of the United States. Part 5; Power—Its slgtiUIcanee and needs, 
by Chester G. Gilbert nod Joseph E. Po^le- Tart B;; retrolotitn-a 
Interpretation, by Chester G. Gilbert and Joseph E, Pj* Pjf T* **■*« 
Gna—Its production, service, and conservation, by Samuel ^* r * - . 

Bulletin 103. Contribution* to the Geology nnd Pa contologj oi tlie Canal 
X ,no Panama, nnd ^.graphically related areas in Centra America and the 
Indies, represent* the work of n number of specialists, whose paper* 

fS'^rS’lJthotbamnteae of the Panama Canal 
F«2u W Hjfibcr Plants from the Cam! Stone, hy Edward W. 

43-87: The Smaller Fossil Fommlnlfcm of the Panama Canal Zone, by 
Joseph Augustine Custimau. 

12373*—21-8 
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FUgra SB-102; The Larger Fossil Fornmlntfem of the Panama Canal Zoire, 
by Joseph August Snu CuslmmiL 

rages 102-116; Fossil Echini of the Panama Omul Zone and Costa Eleu, by 
Robert Tracy Incheon. 

PftgiC^ ] 17-122: Rrynxen af tlio Canal Zone am! related [irc:ifl p by Ferdinand 
Cairn and Bay S. Bunaler. 

races 123-1S4; Decapod Crustaceans from Ihe Pan Fima Region* by Mary J, 
Rathhuii. 

Pages 185-188: CSrripcdta from the Panitmn Connl Zone, by IL A_ PlbUfy, 
525-545: The Sedimentary Format Sons of Hie Panama Carcil Zone, 
with apodal deference to the Stratigraphic relations of ihe fossil Remus I retie, 
by PocmM Frrmclo HacDouhldi 

S47-fil£: The Biologic Character amI Geologic Corrida B mi of the 
Sedimentary FormiitJun of Panama In their relation to the gotriugl? li I story 
of Central America and the West Indies, by Thomas Waylund Van chan. 

Bulletin Vte (one part), The Fontmlutfera of the Atlantic Ocean, by Joseph 
Angnstlno Cuahnan, vix: Port 1, "teUQrhMtimf was Issued. Of Hie remain¬ 
ing separate, two formed pans of volume 2Q P Contributions from the United 
State* Notional Herbarium, while IB were from volume 54 T and 20 from val¬ 
ence 55 of the Proceedings. 

Bulletin 105, Cnintogue of the Postage Stamps and Stamped HnvcW]**; of 
the United States and Possession*. Issued prior to January I, by Jodnb 

B r Leavy + 


tVMur\Ti<ym of the bureau of American ethnology 


The publications of the bureau arts diseiistsd in Appendix 2. The 
editorial work of the bureau is in charge of Mr. Stanley Searfes T 

editor. 

During the- year five bulletins, the Thirty-second Annual Report, 
tin advance extract from thb report* and a list of publie-ations were 
issued* os follows; 

Bulletin ?K>. Ivnlcnnl Talus. Frans Boo*. ISIS, 3ST ppL 

BullptJn 61. Tetrni Sioux MusEe France* DeWuOra Ifllgi, TjCI pp,, plmefi. 

Bulletin G4 The Mayit Indin us of Southern Yuen tan rmd Northern BHttah 
Honduras Ttiomnff W. F, Gann. 191$. 140 pp^ 28 plates. 

Bulletin Oil Archeological Exploration* in Noncustom Arixon*. Alfred Vin¬ 
cent KMrJer and Samuel J r Cuertrsey. IDI& 22g pp., 07 plates. 

Rulletln 66. Recent Discoveries Attributed to Early \Un In America. AieH 
HrdlLSra. 07pp. t 14 plnlRC 

Introduction to Seneca Fiction, Legends, and Myttaa Gotlected by Jeremiah 
Curtin null J. X, B. HewliL Edited by J. N. B. TL wItt. 3010, An !t dvmice 
separate from the TMrty- second Annual Report. 71 pp^ 

ThlrtjHscconil Annual ll^po*t—Awompanyliif! psper; Seaw* Fiction Ltc. 
cthIh, nml Mi'tln (Ilewllt and Curtin,) Sill pp, ’ 

List of publications of the bureau. 

Tlicru are at present in press five uhuia] reports, and nine bulletins 

ns follows: 


Bulh.-ttn (50, Jinn din Kik of Aboriginal American AaUquItie. P ^ . 

(Holmft*>. arT 1 


Bulletin 07, Ain Texts ant! Myths (Fmehtcnljcrg). 
Bulletin 68 . Slruriurul ifid Lexical ComimriBuii of ^ 
jiiul Atatafu L-mignnj^a (SSwahtonJ. 


Tunica, Obltlmaeha, 
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Batlclln rn. Native Viilnc'.'s »U't Vlltaps Sit<w En»t of the Mississippi { Bush- 

nd); 

Bulletin TO. Fpchlatrartc Villa bps, Cnsties. end Towvrs (Fowkes). 

Bulletin 71. Native Cemeteries uml Forms of Burls! Kftsl of tie Mississippi 
(Rusliuctt)- 

Bulletin 72, Th+> Owl frucrcd Fjh?Js of the Fox Indium (MkhelsotlJ. 

Bullolin —. Himdbook at the Indian# of California (Kroeber)* 

Bulletin —* Northern Uto Mii^l-c (D^nscuoreL 


REPORT OF THE AMERICAN HISTORICAL ASSOCIATION* 

The annual reports of the America n Historical Association are 
transmUtcd by the association to the secretary of the Smithsonian 
Institution and are communicated to Congress under the provisions 
of the act of incorporation of the association. 

Volume 1 of the report for 1910 waft published during the year, 
and volume 2 of the same rejmrt was in press on June 30. 

REPORT OF TUB NATIONAL SOCIETY OF THE DAUGHTERS OF THE 
AMERICAN REVOLUTION. 


The manuscript of the twenty-first annual report of the Kutionul 
Society of the Daughters of the American Revolution was trans¬ 
mitted to Congress according to law shortly after the close of the 

fiscal year. 

THE SMITHSONIAN ADVISORY COMMITTEE ON PRINTING AND 

PUBLICATION. 


The editor tins continued to serve as secretary of the Smithsonian 
advisory committee on printing and publication. Ttos committee 
pflSf *. on all manuscripts offered for publication by the Institution 
ir its branches, and considers forms of routine, blanks, and various 
other matters pertaining to printing and publication, thirteen moot- 
were held during the year ami T9 mamisenpts were acted upon. 

Respectfully submitted. * p ^ Edu ^ 

To Dr, Craki.es IX Walcott, , 

Secretary of the Smithnonain Intlttuhon. 



REPORT OF THE EXECUTIVE COMMITTEE OF SHE BOARD OF 
REGENTS OF THE SMITHSONIAN INSTITUTION FOR THE 
YEAR ENDINU JUNE 30, 1019. 


Tt) the Board of Regents of the SmUhsonmn fmlitutim’ 

Your executive eomnitttee respec tf ullv submi ts the following report 
in relation to the funds, receipts, and disbursements of the Institution 
und a statement of the appropriations by Congress for the National 
Museum, the international exchanges, the Bureau of American Eth¬ 
nology, the National Zoological Park, tho Astro physical Observatory, 
tho Inter national Catalogue of Scientific Literature, etc*, for the 
year ending June 30,1910, together with balances of previous appro- 
print ions : 

SMTTHSOPTLAJf LNWtTCTIGN. 


CondUion of tho fund July l f 101D. 

In addition to the total sum of $1^000,000 deposited in the Treasury 
of the United States, and authorized under sx-tion 6MU t he vised 
Statutes, Lhe details of which were given in our last report, there 
has accumulated from incomes, bequests, and by transfer he sum of 
$74,70 l.Sfl, which lias been invested in hoods of Approved cliEiruixt* 
for the following specific mounts and earned on tho Wk« of tho 
Institution as the consolidated fund, viz: 


lfod£fclM ^niCTfll ttmd- -——-—“ 

XUrn^a fond — — *-----' T 

Avery fuiid— * - -—-—-— 

Addison T. Itotd fund— ---—""" 

Lucy T. amt Geor*» W, Pww ttuH -- 

George K* Sauterd fund —--- 

Ktiiltluson fund- -——-- " " 

Chamberlain fund— ---—- 

Bruce Uugtiea fuad— —— -—- L 

Totiil — 


1:17,275.00 
74*01) 
It, 1324 -15 

2.SI&-00 
142,00 
OS4.1)0 
10, 1100, IX> 
7.327.03 


_ 74,704.38 


One of the pieces of real estate bequeathed to the Institution by 
U* 1,,. Iiol*rl Stanton Avar,- Un ta *W Mi Hn prownlnmn. 
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nested in bonds eomprising the consoli dated fund Only ft single 
jiiirecl of ground with improvement® thereon remains of the several 
IjvijLieathcil lo die Institution by this benefactor. 

Among the assets comprising the Lucy T. and George W. Poore 
fond were several lots of unimproved property near the city of 
Lowell, Mass. A part of these lots have been sold during the year, 
and the sum of $520.50 wns realized. 

s-fctCTiMit of rtt-npf* end <H$b*rtnmmU from July J, Ifl/S. to June 30. jp/g, 

“iifprifi 

CuaU on deinsU and tn h£b July 1, 1913_______ ^ SSO.On 

Interest un fund in Untied States Tmisurj. ftiO.uuo. m 
ottiLT interest - 4, 401). 34 


- $fi4, 40a G4 

[tdtttytMiHs, rentals, pulil ten dims, etc... —__ . _ 5H,T2j,S3 

CimEflbutluna £»r «jwlflr purpura. _ __ 26,3-L3L 

B,!b * Mtttvabfc -- -. isifjrtj.oo 

P'nwMtdH from wde of real estate _.__ 3 . rd" (Xi 

—-- 14-1.100. G3 


US, 890,40 

PismjK.i^uKSfs. 


hUlEOIn^ Cain? n?u3 JVJVfclnL_ __ 


a, 940. 43 
hU3-i.2u 

Furniture anil fbrtti ___ 


Ck'iienii expert Beat 

KaUtHe* _ ___ 

it, an* to 
12c. 00 

721. 47 
Tt>\ m 
94. S3 

1. nis. tin 
2,074 51 

MwtltipB _ 


Sid Uoiii-TV _ 


Prafelge, telegraph mill toliiiliotrt*. _ 


Freight _ - ______ 


ItiL-HltdtHls, fuel, and Unlit* __... . ____ 





23,4ft3. 23 

library __ _ _ 


I 'uPilli^n t liuL^ ut»l iTtHr d|xtHbUtli>ii; 

M£tk*i | IIaiii'uu* tmUct-tlniui ____ _ _____ 

Spi'rfnl firibliaiElafiP, _ _ _ 

l^utl Unit ion Mlppllfs. ____ 

Salrirlft* 

Hiirrlnina pulrtlcAttnui __ 

-7,000. m 

22.7,2s 
33fi.ee 
s,fioa 17 

4ft. 45 

2, 53l,8l 

ETjtfcjnLtlrm*. nsrarctits, and eonretbm* _ 

Hodgkin* fuud, maeurdiL^ and puMk-mkmji. 

—- 

n. sos. 07 

S t 04T, 00 
s. 010,33 


IijTi*rrj-ut Tamil exrfuinFfi__ _ 


#3ftiS€Ti of nrf. _ _ __ 


ftrtr,. R3 

CSobn»Ui£iat(ed l hard llnTrafidi—^ _ M ____ 

JUELr iwlmhif--tiM TOrtlltant**.. _____ ... 

- “ 

20,00 
a, cm 00 

Intmnt dl^'rpnt—iNPliMilkluled faml _ 

-h»_ 

25, noo. 00 

Advances fur ttehl expense cte_.. _ 


107.50 


1 J __ 

r -7, 1 ta, ui 


143,2CT.SS 
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PeposttiHl with Tnmxuref of the Culled Stutw end In 


Ltuib-,- 

Cash on hand.-.-.— 


. !St. SK22. TS 
20 ). 00 


jsi, i&j, ts 


145,390, 4!1 


The itemized report of the auditor confirms the foregoing state- 
meat of receipts and expenditures, and is approved. A summitry of 
ihe re|Msrt fallows: 

C-vpiTAt Auwt Co., 
Hetbotoutaj# Uavk Bunimo, 

Ha*JW*ffcni p D. <7. 

Executive CoiiwrrTCK, Iuk\uv EnJisfirs, SutmisosiAK IsfsrtTOTios. 

Siity : We Ljive examined Lite aeronm* pud voucher? of the Smiih^mlnu Iustl- 
fcutlun for the fisctil ytur usoded June Sy; 1919, is ini eertl^r tin? fallow I njt tu En" a. 
current rttotement; 

Total recelirt* _____ $144,100.® 

_ 143,207. fl5 


Tumi illshUrsi'tHoiJL* . 


Excess of receipt over dlahtfreemsnts----— 
Amount from July 1, 1918 — -- - 


832,88 

i 


Balance ou lined June 30. 1919- — 


_ , 2,122,78 


EaLiitc^ fttatlowTi by trmaurers stateiiJ^ul, uri H>f - TutlC! * &LU - 

Loss uiilbtxtiHHxig checks- -——" “ 


a.rr&od 

3. 304,73 


Balunco^^^-^- _ ^—- - - - — — ■ — 
Balnnc-e* American Natlunul Bank— 
Costii oft bam!— ———— 


474.33 
1,448L 45 
200 00 


Balance June 89, 19lt> —~—- 


« 122, 78 


Tbi" voters rtprettatia* from d« SmUh^nlnu ^ the 

year. wh of which twain the approval of tin* W«W ' ,r . 1,1 llis n&^enre.of ,[i ' 
urtliiK secretary, aud a cerUtaue that the imtterfoUaod «**» 


nppUeil to the purjM^ of the [nsliiullon, Imvo ("t-n csamlnml In o»iiwLkm 

with tlm book# of tho Institution W»1 «BW them- 

Cii'iTAt Audit Co.. 

By Wd ham 1% Yams** <Pre*fdc*f. 

Ail payments are made by check, signed by the secretary, on this 
Treasurer of the United .States, and «11 revenues are deputed to the 
credit of the saim; account* except in bomb instances amall deposits are 
now muile in bank for convenience of collection. 

The practice of investing temporarily idle funds in tune deposit 
has proved highly satisfactory. During the year the interest derived 
from this source "has amounted to $1,048.10. 

Your committee also presents the following summary of appro- 
priaiions for the fis®l year pi* intrusted by Congress to the care 
of the Smithsonian Institution, balances of previous appropriations 
at the beginning of the fiscal year, and amounts unexpended on 

June 30,1 MV i 
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.1 i-wlftLi]* 

OJlar Jtfcljr | ( 

im 

Uteo 

JiIELei $0 , 

101 ft. 

lylT. . „, ... 

s^wisa 

1 IvO-UO 

InlanAllaml a&dmajBBa, HH&....... ... 

3 r:[i i l ili!jfi-pJ e-tiiiab-nH LlH'i 

55 r mos 
I 3 i JL 

tsali 
3 , 7 *U 5 & 

1 1 HLTI 

OL 31 

BA 3 , 

I 1 .H 

^ Jo 


AiucrKn Kthntiugf, 

A iiiiKrtivm F.lttTin]cigT B IP In. ia ,,., 1J , lllllii . .. 

13 , 000.00 

mir 

T"il KPnitfRnnJLl L ’.-i: H-lupiu-, 1 * 17 =... 

fjiltfm;ttlQbatCiUlficise. Mills. ....** *._ 

In' it iit-arcfijo, mu. ...... 

7 , 5 uaoo 

|,I*U* 
if*, 11 
mot 

t.isa.si 

4 U. N 

«la» 
lam it 

AsfFftfikviJt'aJ: OlirterraJaT^, 1017 ...*...... 

Aitm*ynl 5 *l OtewraA&j, IPfc^r.,.....__ ____.,_ 

Antrophyitifiai Otate#TftE.&r> , ...... 

1 , 771 . li 
l^OOOiOO 
l P US- 4 i 

ft, S 4 i. 7 l 
I^OOtlrKh 
OW- 2 * 
tylUlTl 
SJ.OfllW 
IH 7.57 
i^nst 

MW^KMKOO 

%&xw 

1 337.00 

Otinmilni!, hQ (w of duo, till* ....... . . ... . 

TCafe Hiaanm; 

FurnllctrvMflnniip, i«lJ,.... .. . 

PlBTLillLTf!-aad flxllUM, lltttf. .... .. . ,., 

fTBuftvst* ud ftttttn*, 1919 *—....... 

ItHftliiiffljyl llrhELng. 1017 ..... 

nanilaf fijni liibtlufi, r . . ... .. „ 

He*UH£ BjIiI llCitil ln£. L'JSH........ 

FftltgrvKi j Ofl ol rrjJlivIli.JL^, Ifl-IT..... 

J 1 n PA 

1 U: 

J^iskFvatiiufi ut 4 -«i]isetl ! oiLSJ r 1 WJ... ,.. 

vs 

VI 'TBrt *lil 

r*ltrrJl‘EirJ im ut Cflllor! Letter 1019 __________ 

lluaLs, 1*11 .. . ... 

JLl r .jAA- 3 V 

lllLflQ 

■jfrS Mi 

TTobfcMIHftr..,..... 

&acl 3 p 11 U*...... ....... ... . 

3 , 000.00 

m-uh 

IOS..S 3 

3 JTI. 3 A 

l, Urti, j.n 

Pimn 4 IfLI....... . 

Sl 4 ti(ttfli rettfldTft, t&l*. ,rr.. ............ . 

1 iDflidf 

4&,37 

%m,n 

1 H-> TUB 

Ralbllrijrfrffiin, LflU. .. . . . ... 

MHlK? up*!**, iuiu ....... 

NsHtfflaJ EodatfJraJ Part^ | 0 | 7 T , . .. 

WW-W 

KJ. :«? 

iutan u 

l^uiLww] Paft r 1 S[*..«„,..... 

1 -vs. 

U| 

io.u4.ua 

K 4 SLoiajJKiiQjii 0 giJ Fork, ...... . _ 

erf WilHJiffllL'Hilefi, S'JJ i* *. 1 n L:! iidli: .’._.... 





+ D*rtlrtl |o cndll riuiplm [um.<l, 

tftaiemtTtt of ttHmoLteii inmmv from the fund mtd from other xtturr'frr 

arr-nti d and prOiprrUrir. fu be mwffaftfa- f hr flaeql p^sr entiittn tun* 

S0 t mi). 


B&lnfusg Jimp SO. 1010 ________„„_ w __ 

foiiH retvlviblp^. _____. ___ __ fdft 000* fX* 

lijiiTHht on ffnjiil tkpoBllrd Jn C nihil StuU* Treasury 

iluu July 1, ID ID. iiml Jnn. 1* _^_ r _ <30,000. f)0 

Intomt from Eolsoeiluiitojus ___ 4,4>IS. iM> 

KxrtiftiiRp rPpujtuent^ sale of pyhllifUloEis* refund of 

M™*** •** ----- - - 2 S.GQ 3.01 

ikiHMitt.- fur Bjtwlnc piupom _____._ ic, nuti, hk) 


*2, 122.73 


1IW,0G1.(M 




TtnitS HvallaMv fur yea .r I’tulinK Jun<> 30, 5021!__ 

Respectfully submitted. Cr (V 

AlEXAM.lji GlLUlA* Bbix 

^ Com mftteg. 


























































PROCEEDINGS OF THE BOARD OF REGENTS OF THE SMITH¬ 
SONIAN INSTITUTION FOR THE FISCAL TEAR ENDING 
JUNE 30, im _ 

AH^UAli MEETEfG DECEMBER 12 r ISIS. 

The board met at fclic Institution at 10 o'clock a. m. 

Present: The Horn Edward D. White, Chief Justice of the I nited 
States, chancellor, in the chair: the Hon, Thomas H r Marshall, ice 
President of the United States; Senator Henry Cabot Lod<^; Eeprc- 
BentatiTe Lemuel P. Padgett; Eepresmitative Frank L. (rrecne; Hr, 
Alexander Graham Bell; Judge George Gray; Mr, t buries 1 Choate, 
jr,; Mr. Jolin B. Henderson; and the secretary, Mr, Charles D, 

Walcott, 

JJkATII OF JlLUCNTS, 

The secretary announced the death of Senator Stone, a regent for 

ovw five yews. ■ . t i+ « 3 , 

Senior Lodge pi^entod the following resolutions, which «cn 

adopted \ 

WinCim ilia Boatil of Begeota of toe SniUbsanlJin Irutltutldtj hnvJu« learntd 

«'!ZX£g£t U 5U ^ too Soil. « ^ £2? 

Senator from and t* ins'*** * 

halved. That toe to PjWW ™ 

lent at thu nasstiIff a way ^ diatLfl^to^ed wEUiiCtu r 

™ Tliat tbto iwohrten be >" the I*™"*"*" ” Mlw J“ rd - mi,i 

thru Li copy be traawatttttl try Urn »ctotau to toe family Seamor st«ie. 

The death of the Hon, Charles Warren Fairbanks was announced 
Vice President Marshall submitted the following resolution*, which 

were adopted: . , , , . 

, x. , , „ „f tbt> smltiLsonJun Institution Laving tearawi 

or^Zih- jq™ 4, me, of tb* Ht),L CMrlett Warrctt ****** 0( 

«s 5.: «35K2^^1£-SS£rJS* ™«* *•-» «- <*» 

SJrtweweifcto a retamti neat as a damn r**nt fnaa InlUM. 
f ja ms m -he il«i« of bU dentil. Mr. Fairboi^ w«* always a fora.- for 

ti,e ™' oniH ot , iii “ lw 1 yii*2 

0 ,S r copy'be iranamiit«1 by the sectary to toe family ,*f oar deputed friend 
mid cowacfar. 
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In this mnneetlon the secretary also axmoiinccd the death of former 
re^M I>r. Andrew D. White, who find served on the board for over 
2$ years, from to I&IG. 

I>r. Bell |iresented the following resol utions f which were tinani- 
moody adopted : 

lVhunma tbe Board a£ of iJie Smiths®!] fan institution having i^rnM 

tlwf death, till November 4. 11)1(4, , 3 f Dr, Amliw l>kL*on WMte, u f L »tmdi>r 

Curuell Uulvmlty mid in Indent fur IS yoare, preeminently UlmliiKtilahwa 
uIbo jl& u diplomat and ua a publicist, a regent i-f Oie SmlUttuhlaD luttitmiun 

frt>m J8S3 %i> ItJlQ: 

Iffiaj’pfflTj TJiitt tlje burnt] to piaw on record mi expression of their 

usurer? sorrow at tba decease t-£ their farmer coUvwgue, wllo f^r over f$ j, ^rs 
t*>0 ^onclk of his rJpenal wlcdom Lit the tidalr* of tlie Institution. md 
whose lSieiUs will bo n must serfc™ Iona in the Ik-lti* of loumSti^ of dlutoi'micv 
and of eltiKaa-diEp; 

Hatred, That this niiuuio be pineal upon tlie mvrds of the board, and tliut 
u copy be tmrurtnkted by the secretary to the family of Dr. White. 

iFTOntDKZXT OF RKOENTtt. 

The secretary announced the appointment of regents, as follows: 

By the President of thn Senate, on May in/ 1H18: The lion! 
Charles S P Thomas, a Senator from Colorado, to succeed the linn 
U iUiam docl Stone, deceased. 

Bj the Speaker of the House of RepresmlativM, on December 15 
LfHT: The Hoa. Scott Ferris, to succeed himself; the Hon,. Lemuel P* 
Padgett, to succeed Mr. James T. Lloyd, whose term as m Ifeptpgenta- 
tiye had expired; the Hon. Frank L. Greene, to succeed Mr. Ernest 
W . Roberta, whose term as a Representative had expired. 


RESOLUTION RELATIVE Tu IXOJHE AND KJCIT.NlHTTitK. 

Judpe Gray, chairman of the executive committee, submitted die 
following resolution, which was adopted: 

U,e lMUtl,tk ' tl TaT lb * nsc »’ mrenliB* Jlul(f so 
1KM, 1* appropriated for the service oi die IrualtuUon fa be iT v ' 

with the ... the csccutKc cotnmlHee. win, fell r[lf , ? 

the part uf the «ecnri*r? a* to iusuh iScretbo 


annual report or the Execenva gaming 

Judge Gray, chairman, presented Lite annual reiKirt of , 1 ™ 

mittec. showing the iiimncial condition of the Institution r T 
HkcuJ year ending June 30, I1U8. ^Jtution for the 

On muiiuD f the report was adopted. 


FROCEEDIKCIS OF REGENTS, 


iii 


ANNUAL REPORT nr tHE PEEJiAMfcNT OOMMITnaL 


At tiie request of Jiidgie Gray, cumrauii^ tue secretary predated 
tlie following report: 

Ttec&stitJL 12, 19 IS. 

Tv the Bcwftt of Repent* vf the Svtihwttton InwtiUtlm, 
firn Twi Tv; Your pmn«"pgt committee subinlLs horawith Its report for ib 1 
past your on the mutters under Seh BapCfYlaloni; 

Iludpkint fuwl—te stated in ill' 1 report mmle nt rbe ta?t nsiiitniS mte&us 
$.%(.* )o per (uinuiii for three years tuuJ been ullolied from thf* Bq i lgW iflit fuuii 
to Dr. Ohnrlb** G. AUwit, Director of Urn AstrephyiBlral OfcwiTaiary, for (lie 
e>tiibUslm*nt nr a mint radiation iibtwrvlug slfitlon iti the Arjcent&ne ilepntiUc, 
which project hart pi be temporarily atauidaoed owing to war ooodlllocui. 
Ths stiiiinn wra located fiE Elk ("art, N. C, however, mid tnfcim 

until the curly siouimer, when the wsark lit thsit [mint waied 

In June, 1918, the observer anti his lustatant proceeded to Chile nod estulv 
IlshetJ it station, til Calmnn, T,500 feet above sen level. 

An Must of $8,000 from the nodj^lus fond wua also made to Ai r F It 1L 
Goddard, of Clark College, for develiplnE eertulr devices to be tmd in 
LtfauectUiQ with the study of the leann-niEure of thebl^r atmospheric simln- 
Thl« Work bWDD toersBti Into a scrip* of Important exp^lmeoU In cuuime- 
slon with Urn work of the War Dapftrrnn'nL 
A nrrp lrcqnr*f,— Since the last repotj two of the ptipmi^a u> thn 

Inst Inn loo under this beqm*it hute h-vn disposed of—No. V-V D Street, NK. tind 
Xo r A Street, SE, Only one lot man Sun, situated at No. I-in t CaplEol 

Street, Tlie Avery futnl now EnLids ^.KTJ.fSU 

The it mm Raphes bluett— The Iter. BrUcc Hughey of L.hanon + Pil^ hy 
will dated Scwuber Sfl, 1DM, pmvUI.il In the ninth ihnt the Waferai 

jjuil residue of his estate should eotm* to she Hndtfuonlan I return!'-n. the 
Income to be wtol for tto fmiiHJUiJf of Lto Hnebe* Atom <rf tl» I™**to*«* 
Mr, IIlisIh* dtol March 30, ifUK, ami tinrla? the put yw*r the awn of SUUB 
luut been received from his esecetor^, 

Thr. Poere fe|M>t.-A* Piously «UitoI. *24J2H-B2 Imv been nwW by 
thv Institution us U* of tin* eetoto. «***«* «f n number -f Into 

sitinfed In a nttor unAsJmbl* scciiun of Lowell. Uw. S«*mi nnwupts 
toto Ihh* ntoilo to dUp« but up to this U« only ,uk- 

let to* been »M. an.! to» a.,.*V ou W other*. Inclailliv tbo 

sale nieiil toned, and mWLtloft* by ramies Co daU‘. this brqt^t now *n**mt» to 
7S0 

f>:cr trt Cul/erif —Till' prescue comlltlon of the Freer Art aal!et>‘ furul in 


ns fnl Lows: 

Kecellitd- 

Disburse mmts 
Balance 


_ti,3Stt,E28,T7 


_ $703,002.30 

_ ____- G1 


].;lip p 22S.77 

CiHuotUafcit /BiHt-Tto coiawttiln^l fund of lt» lusfltmtou. which em- 

JL* lnv«tmails In »*™"« ftmi1 ln 

Hit- Treasury of the Unlttv! now nnwmto t“ !«»«<“■ 

On mol ion, llic ivi»rt vms approved. 
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ANNUAL IMCT OT Tn>: SECRETARY- 

The a&eretary planted his report nf the operations of the Tn- 
iat it Lit ic>ii for the year ending Jutte 30 , 1918 , which w m accepted. 


EEFOJtT OF THE COil U ITTtlE ON THE USE OF THE MUSEUM m?lL»INtitt. 


The report of the chairman of the committee, Mr. Henry White,, 
was presented by the secretary* a e follows: 


Nonui 20. ISIS. 

To the Hoard of jfr^rnti nf the tfmffAirOnlgpi InwtH h1io?i t 
C iEVTiEMor; I Hubmh herewith my report m rlinlniuni of du- committee 
on LUi i ft ao ot the museum buddings by Lht departments of the Ciovemment, 
which wu3 crested by resolution of the board of regent:s, adopted at tbe annual 
meeting of the boil rd od December 13, 1017. ok follows; 

Me*ofoad f That there shall bo u conmiittne of the board of regeniB un the use 
of iEie Notional Museum buildings by the departments of the Oiqwernwmt, timl 
the ercetlou of structures on the SmlUisanimi grounds. which committee shall 
act fur the board with full power on nil mat tors comprehended by this 
lu tiun. 


R&*olvcd f That flueb committee shall be appointed by the chancellor, who 
shall be ex offlcla u member thereof. 

The chancellor appointed the following m members of the committee; Mr* 
Henry White, the chfturellar H Senator Lodge. Senator Stone, Representative 
P«tH Mr. He&dttftan: the see ref ary of the Institution to net oj seeretiLry of 
the commits 

'ilie immediate occasion fur the creation of the committee wus (he request 
nf th«- President that certain portions nf the new building for the National 
Museum bo allot ted tn the Hurreu uf Wnr ItLnk •insurant v for ndnilntatnuive 
nml office puriNL^. Prior to the meeting of the beard, some Sftf m Hquure feet 
of space hud been assumed to this purpose by tbe secretary. whose aeHun wo* 
ratified by the board. 


urgent reqttcat# hud been melted for additional jtpnc®, uhl* committee 
w as charged with the duty of examining Into the matter iitul of deciding upon 
the action to be taken. 

Tho committee vrm convinced that no obstacle should be placed \n the way 
of the proper conduct of the Important wort of the bureau, wheaa function Eh 
tn provide insurance and indemnity for the enlisted men of tile Army nM Navy ■ 
am! HO nt meetings buhl from time to time additional space wins nitons until 
nt the eksa of the fiscal year, June 30, ISIS, the bureau occupied mm *mmra 
fm. thus providing actommodatltKis for over atRW emptojm of the bureau 
The need for spare continued to grow, and the President, on July 5 rf ^ 
uucsnd that tbc building be closed to the public and that ms remaining ex- 
nmnion spfif-e bo pUeed At tin* .11^,] of the tarn*. This wna ,lo„* th^ 

tjm i r p ,^ ' lit T 0t ^ bumH ln ,be toMft.cnt, cr ,r,uml £? 
iltiiI hi ihe two exhibition floors, a total uf IM iJOo sjnioro r t * , , h 

SW Ud 6,TO «! H,. tarai „ rfo, 

ZZSSXSS1 'h^ w '° *• <— «* -£*£■ 

I» <to» of tho ii. 1 l..,, touttol nbooo, in., ..m,.!,,.,, 11)M „ rt , rf .. 

I. op» » lo l.diUo «„ S,“ 
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exhibition portions uf ibe gmlflisinntaa Building am I tlio lmlu^trlnt Art* 
BnLEdlm: of the ?<1 h.-^-liqi. 

It Is with regrvt thM I racfiril I he itertlh of a meustwr of the eommlitec. 
Senator Stone, whitb occurred April 14, lOlS, Fpon lraijiintf that Senator 
Ttnmmfl Mil been afipotataal ns a regent to succeed hfcm, I Inrit^l the latter 
to take Senator Stoned place open ihe caramlttee. 

Respectfully submit led, 

H&Kb¥ WHitk+ rftafrflircji. 

On motion* tho report wag acccptoK 

D*\xm OF AtfUSEAtfT EFttWETAKY RICH* HP BATtlRLW. 

Tlic secretary announrcil the death no July 1G, 1918, of Dr. Rich- 
art] Until bun, ossisiaiit soeretary of the Institution, 

A statement giving an arrosint ql Dr* Bntli1wn*g work and su^m-in- 
tion wUh the Institution will be found in the annual report of the 
secretary. 

AiTOlJfTMrSiT OF AMUXWrtlATIVE ASStfiTART M CtlAKCTE OF RATIONAL 

uussuH. 

The secretary announced thnt he had appointed Mr, William dc 
C. 1?a vend us administrative assistant to the secretary in charge of 
the National Museum. 

Mr. ItavcneJ had l*?cn associated with the Museum since IW>2 as 
administrative assistant to Dr. Bathbun. fie has had unusual 
museum training ami experience, both in connection with his duties 
and with all governmental expositions held since 1S0U. nml he has 
been largely instrumental in building up the War Museum which 
is now assuming importance. 

Mr. Kavcnel bus also been practically in charge of the Arts and 
Industries Museum for some time, nnd, in view of this, he has also 
been appointed to direc t Us activities. 

APPOINT}!ENT OF ASSISTANT SECRETARY. 

The secretary called the attention of the board to the desirability 
of appointing an assistant secretary, and stated that he had selected 
Dr. t luirles tirceley Abbot, the Director of the Astrophysics! Ob¬ 
servatory of the Institution. r , 

Dr Ablwt was appointed an assistant to Secretary 1-angley in 
1803 as uid acting in charge of tins Astrophysical Observatory. He 
wo* engaged continuously in original researches on solar radiation, 
in cooperation with Mr. Langley up to the time of the hitler’s death, 
in 1D06. when lie assumed the entire charge of that work. 

Dr ibbot is an astronomer, a mathematician, and a physicist, and 
is forceful, energetic, and effective. Ele will remain in charge of 
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the Astrophysicrtl Observatory, and will also take general direc¬ 
tion of the library and international exchanges* and perform such 
other duties as may he assigned to him. 

On motkm, the appointment of Dr. Abbot as assistant secretary 
of the Smithsonian Institution was nppnwaiL 

the secretamt surELEUi; ntal iifcfofrr. 

The secretary nude the following statement of results which have 
Iren iirconi {dished in the various activities of the institution since 
the preparation of his annual report: 

mtmga htateh sf atonal scusieum. 

Addition# to collections ,—The noteworthy additions to the regular 
collections of the Museum since July l t included: 

A large collection of historical theatrical costumes, presented by 
Mre, Richard Mansfield, consisting of costumes and accessories worn 
by the late Richard Mansfield, 

A priceless collection of until lean land mnllusks, about 30,000 lots, 
approximately 400,000 specimens* donated hy a regent of the institu¬ 
tion, Mr. plohn R. Henderson, 

Mineral technology .^The collections m this division are being 
assembled with the two fold purpose of arousing a fuller apprecia¬ 
tion of the publics indebtedness to mining and metallurgical enter- 
I irises and of promoting a readier familiarity with the production 
and u*cs developed* At the beginning of the year IR groups were 
on display in the exhibition hulls. Besides these exhibits them have 
been issued during the past 18 months, largely as war contributions, 
fi nontechnical pamphlets, as follows: 

Coal Products: An object Iwn In tmifee ndml a bu rnt Inti. 

Fertilisers: An liitcrpreLat.]oa of tlw rttimtJao la ilm UnJfcyl Huitea. 

^al|3hur: ah cxaai|tEe vf hakistrlal IndcpfendeiKe, 

Coal ; Thu resource ami Sta full utilliaitloa 
Hn siLjoiilleEinw and iiveiL** 

Ffctrotciitn: A rwocirn! Interpret utkm + 

Textiles .—The purposes of the Division of Textiles are to show 
the raw materials useil in the textile arts and the development and 
use of these from the technical standpoint. 

HW technology illustrates the forests, their products, and the 
lessons taught by the rarest progress in forestry studies. 

The Dinkknt of Medicine illustrates the evolution of the 1 waling 
art and the theories of disease; the materials used in medication and 
various methods of preparing and administering the same; the prin* 
ciples of disease prevention and the materials and appliances used 
to this end. 
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In the conservation of food and tlso selection of a balanced ration, 
brides attractive instructive exhibits, a diet kitchen, recently opened 
in conjunction with the Department of Agriculture, furnishes a 
graphic demonstration of the best and most economic methods of 

preparing food. , , . 

Mechanical technology.— Tlie science which treats of the applica¬ 
tion of the forces of nature to human needs by means of machinery. 
This division contains illustrations of the history of transportation 
by land, sea, and air; the history and development of electricity; 
weapons of war and of the chase: fishing apparatus; and miscella¬ 
neous machinery showing progress in mechanical invention, 

Oropkio art *.—The division covers the methods and results ol 
printing ami binding, besides artistic reproduction by all known 
methods. In the Section of Photography there is shown by methods, 
apparatus, and prints a history of photography which is wholly 

' im Ju*fcal m^rvmcn/A.—This section conUins a collection of musical 
instruments, both fnmi aboriginal*nd civilised peoples, exceeded by 
onlv one other museum collection in the country, and during the past 
four years has received a remarkable addition relating to the history 
of the pianoforte from the earliest times to about 1850. 

Ceramic *.—This section, through leek of means and space, has only 
the beginnings of collections of pottery, glare, metal work, etc 

Fiv, c Gallery of Art ^In the lust report it was stated that foun¬ 
dations had been laid for a granite structure on the Smithsonian 
en ation to house the Charles I, Freer collection. Though some de- 
fa,* were encountered in procuring material and laW, the 
tion of this building 1ms progressed during the year as mpidlj os 

^During^h^r Mr. Fiw increased ms colla tions by 
tiom- of which St> are paintings by the American artists, sthre, 
Tnon Dewing, MeMiere, Metcalf, Sargeant, and Brush? while the 
uricut il objects, numbering consist of paintings, pottery fabrics, 

jewelry, and objects of jnde. bronze, wood, stone, glass, and la«jncr. 

T1 V ^ ^/r^^rr^Wng riie most recent anions to the 
JSSSfSSlt **Mllcction „( 19 painting* J9-U*-* 
ning». » IhMge. ■>”»»*<• * » b ( T« ■£“' 

Ln.l 140 misceilnneons objects, received by b»Ji«t of 1J™- M "> 
Houston Eddy, of Washington; to he knot™ w lh« A. B. .nd 

H if Eddy Donation.’* , . , 

In addition to many other objects of nrt. there tras rise receired . 
series*»f nrehitert ur-d dewing. by Charles Mason Bentey bemg pre- 
liminnry designs starring various trenUnents tn different styles of 


lifi aftn^taTt e£Poht smithsonian rasnxunas 1 , idi&* 

erddtecturo of the proposed Bahai Temple for Chicago, exhibited 
during March, lfll£b 

The natural history building, tinder normal conditions, is greatly 
overcrowded with the collections of its departments of biology, 
geology, and anthropology, and of the art gallery, nearly one-fourth 
rpf its space being given over to art in its various forms. The need 
of considering the erection of a building exclusively fur the National 
Gallery of Art is pressing find should receive early attention. The 
gallery has already failed to acquire many rich gifts of art works 
because of the impossibility of caring for them in the present build¬ 
ings, ujid because of this tinpre pa redness art treasures of gn at worth* 
well wills in its roach, have gone elsewhere* 

Dt$th of Wiffim T* Kvaw, —In this connect inn, I regret to an- 
non nee the death, on November 10 IS, at Ginn Ridge, N a J t , of Mr. 
William T. Evans, whose generous gifts to the National Gallery of 
Art Is ave been reported. 

In IW7, when the project of a national gallery of art had been 
definitely launched Mr* Evans was among the first to recognize its 
importance* aitd in that year gave 64 paintings, representing the host 
of American artists. iiinee then he has added to his gift from tiiru' 
to lime until at present his collection numbers 150 paintings, 05 
wood engravings, and 1 fine etching, which are valued at approxi¬ 
mately $1,000,<m 

War activities.— During the trying conditions that have prevailed 
in the United States sine© it entered the war the National Museum 
lias demonstrated its value tis a national asset in many ways. Mem¬ 
bers, of its staff of experts, its great collections, its laboratories, and 
all the information in its possession have been placed unreservedly 
ut the service of the executive departments and other Government 
agencies, and have been frequently used by a number of them. Tts 
exhibition halls have been dosed to visitors and turned in hi offiru 
quarters for over 5 S OO0 employees of one of the important war 
bureaus of the Government—the Bureau of War lush Insurance. 
Facilities for the comfort and recreation of officers and men stationed 
in the vicinity and drilling on the Mall have been provided in the 
Smithsonian Building, and the reading rooms of the libraries have 
been equipped with tables and writing materials for all men m 
uniform* The Department of Geology has been frequently callad 
upon to furnish materials for experimental work. A single cnll em¬ 
braced 27 varieties of minerals At the request of the National Re* 
search Council, the head curator of this deportment lias taken over 
the entire work of securing optical quartz for the needs of the Unite I 
States arid Great Britain* 

The Division of Mineral Technology has concentrated its activities 
for the year upon the interrelationshijis and consequent interpend* 
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I'lii'i'. existing in the industries sustained by mineral resources- In 
addition to instructive exhibits the curator and bis assistants have 
furnished u large amount of information, including suggestions for 
insuring a sustained source of oil, and for the systematic assemblage 
of industrial data ns a basis for reconstruct ion al work in man power. 

The Division of Physical Anthropology has furnished information 
on racial questions, particularly relating to the Balkans. 

The curator of the Division of Textiles, having charge of food 
and unimtii products, cooperated with the Food Administration in 
planning graphic exhibits for use throughout the country uii the 
subject of conservation, lie was also appointed exhibits director in 
the District of Columbia and served as chairman of Lhu campaign 
committee to carry out food conservation in the District. Inciden¬ 
tal! v he has prepared arid placed on exhibition in the National Mu¬ 
seum an instructive exhibit of foods. Information was also fur¬ 
nished by him to the United States Shipping Board on raw' com¬ 
modities, and assistance in working out a system for classifying 
commercial data on vegetable fats and oils. 

Other geological and biological problems arising in gas warfare, 
[wat investigations, questions in connection with the construction 
of concrete ships, and similar problems were also undertaken. As 
nn illustration of the character of the work done by our experts, the 
curator of marine invertebrates demonstrated that the ordinary 
garden slug (which is abundant in Europe) possessed ideal qualifi¬ 
cations for detecting poisonous gases, which information wits cabled 
to our Army and the Allies lie also assisted in securing satisfactory 
fillers for gas filters. 

The Museum photographer has rendered valuable assistance In 
connection with the organization of laboratories in the M ar uud 
Ktivy Departments and also in confidential matters. 

Sine® the war commenced 26 employees of the Museum have 1m 
granted furloughs to enter the military and naval service of the 
country. 

War Museum .- 2 IV Smithsonian Institution, through the Museum 
administration and with the aid and cooperation of other Govern¬ 
ment departments, is undertaking to assemble, for permanent exhi¬ 
bition and preservation for the benefit of the public, a series of objects 
graphically illustrating the military and naval activities of the coun¬ 
tries engaged in the present great war. This collection, when com¬ 
pleted, will constitute an invaluable historical record of the war as 
shown by objects connected directly with the conflict, and, in addition 
to the military and naval features of the struggle, w ill represent cer¬ 
tain economic phases of the w ar ns well. 

1S5TT—21-0 
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Tin* collection will consist principally of the clusees described be¬ 
low, which will, however, be expanded to cover other claves of mat¬ 
ter as the collection develops. The mute rial described under the first 
10 headings pertains exclusively to the United Suites. 

(1) llilitary and naml decorations and medals, including types of 
nil military decorations, medals, mid badges awarded by the Govern¬ 
ment to officers and enlisted men of the Army and N»vy for service 
prior to and during the progress of the conflict 

(2) Military-service insignia, including all types of devices and 
designs showing the different ranks mu! branches of the military 

service. . 

(3) Individual military equipment, including the equipment of 
the individual enlisted man of the various branches of tlxo military 
service, Mich as clothing, arms, and other paraphernalia. 

(4) General military equipment, including machine guns and other 
objects intrusted to the military squads and organizations rather than 
to individual soldiers. This class of material includes other objects 
relating to the air service, such ns airplanes of all types, and acces¬ 
sories, 

(5) Naval-service insignia, including types of alt devices showing 
the various ranks and brunches of the naval service. 

(0) Individual naval equipment, including the clothing and equip¬ 
ment famished to the individual enlisted man of the Xavy, 

(7) General naval equipment, including models of ships, naval 
guns, and types of other war paraphernalia employed by the Nnvy, 

(ft) Mementoes of persons, including relics of noted individuals 
serving with the Army or the Navy or otherwise identified with the 
war activities, 

(0) Mementoes of events, including relics of events of special note 
occurring during the war. 

(10) Pictorial and library material, including pictures, maps, 
books, pamphlets, and other objects of the same character relating to 
the progress of the war. A nearly complete series of all Liberty loan 
posters is already in the possession of the Museum, and a complete 
set of the posters issued by the Navy Department has been promised 
by that department, 

(11) Allied war material, including matters relating to all the 
classes of material described above as pertaining to the United States. 

(12) Enemy countries' war material, including material relating 
to nil of the first 10 classes of material described above as pertaining 
to the United .States. 

The initial install a Li on of the war material already received has 
I'oen mads in a suitable section of the Museum amid dignified and 
proper surroundings, with an adequate allowance of space and in 
appropriate cases. 
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nuiy„vu oar amykica^ kthkologt. 

Fkid work. —One of the most important results of field work by 
the Bureau of American Ethnology during the pits! year was the 
investigation of little-known prehiktiric towers, castles, and great 
houses in south western Colorado. In conjunction with the Depart¬ 
ment of the Interior, the Smithsonian Inst in it ion hns been engaged 
for a decade in the excavation and repair of large ruins situated on 
the Mesa Verde National Park, The educational value of this work 
can hardly bo overestimated, and the records show that in the last 
few years about 2,500 persons visited the locality annually to see 
these remains of prehistoric ruins in our Southwestern States. 

In his field work last summer Dr. J. Walter Fewkes, Chief of the 
Bureau of American Ethnology, investigated equally instructive 
groups of ruins in the valleys in the neighborhood of the Musa Verde 
Park and found there many well-preserved bud dings of which little 
hsis hitherto been known* 

NATIONAL IDOLOGTO PaKK. 

.1 tiendsme# record .—The attendance at the park for the year end¬ 
ing June SO, exceeded all previous records, reaching a total of 
1,593,227—a daily average of 4,385, This total is 436,117 over that 
of 1910, the record year up to Hits time. 

Iiwwnt mGe&M&n8 .—The first specimens of the Florida bear (f/ryutf 
fiofitlfiiiia) ever shown in the park were received August 21. Other 
accessions of importance are fine capybira, the largest of existing 
indents, from the delta of the Orinoco River, Venezuela; a pair of 
American prong-horned antelopes received in exchange; and a pair 
of Philippine water buffaloes* 

The secretary added that as an evidence of the good feeling for 
the 1'lilted States fcit by the Canadians, some fine specimens of 
Canadian mountain sheep bad been rent to the park* He spoke 
also of efforts being made to secure specimens of die young Sumatran 
elephant 

A-STTtOPIlYB [CAL OriSfiSYATniT. 

Sofar €dipM U B. Aldrich and Andrew 

Kramer, assisted by a volunteer, the Rev. Clarence Woodman, V. 
S, P., of Berkeley, Calif., observed the total solar eclipse of June 
8,1918, at Lukin, Kaim The entire program, including observations 
of times of contact, photography of the solar corona, and measure¬ 
ments of the brightness of the sky throughout the afternoon and eve 
ning, was suixess fully carried out. 

3fount, Witmu expedition, —Mr, Aldrich continued the usual olv 
servationa on Mount Wilson, Calif. In addition, in cooperation with 
the Army balloon school at Arcadia, Calif., he made novel measure- 


120 AfflSVAL BBBOJ1T SMITHSON'IAy ISSTITCTIOK, Mf*. 

mcnts of cloud reflection by ni*l of the pjlAnowotcr. A toilitBfj 
balloon was sent up through the layer of cloud to about 2,8^ 1 foot, 
and over 10<1 determinations were made. The results were compared 
with direct measurements of the intensity of total sun and sky 
radiation shining down from above and showed that 78 per cent 
of the radiation falling upon a sheet of cloud is reflected bock 
toward space. 

Chilean ffpedHifin.— In June the Hodgkins fund solar expedition, 
under A, V. Moore* director, with L. TI. Abbot as assistant, readied 
station nt Catania, Chile, 7,500 feet high, on the eastern edge of the 
nitrate desert, believed to be the most cloudless region in the world. 
The expedition is equipped in tho best possible manner to observe 
the variation* of the sun, and its purpose is to observe the solar 
changes daily {if possible) for several years, thus acquiring a secure 
basis for studying the possibility of weather forecasting by aid of 
solar work- 

War at'tiritiM.—Th, Abbot was authorized by the secretary soon 
nftcr wur was declared by the United States to consider himself 
fi-K to tiiil in the fullest degree in war work without further eon* 
buI tiit um. During this time he has hern almost solely engaged in 
war iuvcstipatioiiH, severiil of which have led to valuable results, and 
some of which arc still ifi progress 

ESPBUTIflSfl, 

ej'jwftiiwfc —■ During the past year Mr, H, Haven has 
continued his work in Celebes under the auspice* of Dr, W. L. Abbott, 
wluks^ jjcitciosity in pm veiling for this and the Borneo expeditions 
hatf hem frequently acknowledged- Although this work was in- 
LcmipJ' il by Mr, Havens return to America to join the Army, it 
resulted in the bringing together of nearly 2,000 birds and mammiik 
together with an important collection of ethnological material The 
area explored lies in the central, less-known part of the island. 
Among the noteworthy mammals obtained are the Anos T or dwarf 
buffalo, peculiar to the island and not hitherto represented in the 
National Museum by a wild-tilled specimen, and a very remark- 
able fruit bat previously known from a single specimen taken in 
the Philippines, 

ColUm^arnrr Kongo expedition, —War conditions have humo¬ 
bilized this expedition in the Fenian Voa region* Our representa¬ 
tive, Mr, C. E + W, Asehemcier* however, has been active and success¬ 
ful He has made numerous shipments of specimens,, some of which 
have not yet arrived. Among his important captures may be men- 
tinned an elephant, a gorilla, several chimpanzees, and numerous 
buffaloes and antelopes, all representing West African forms prac¬ 
tically or entirely new to the Museum, 
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ABYBBTIS EM E NT* 


The object of the Geotrai, Appendix to the Annual Report of the 
Smithsonhm Institution is to furnish brief accounts of scientific db- 
m very in particular directions; reports of invostigations made by 
collaborators of the Institution; and memoirs of n general character 
or osi special topics that are of interest or value to the numerous 
correspondents of the Institution* 

It has been, a prominent object of the Beard of Regents of the 
Smithsonian Institution, from a very early date, to enrich the annual 
report required of them bj r law with memoirs illustrating the more 
remarkable and important developments in physical and biological 
discovery, its well u>: showing the general character of the operations 
of tine Institution; and this purpose has, during the greater part of 
its history, been carried out largely by the publication of such papers 
;k would possess an interest to all attracted by scientific progress. 

In 18SU die Secretary, induct'd in part by the discoidimumce of m 
an mm l summary of progress which for 30 years previous had been 
issued by well-known private publishing firms, had prepared by com¬ 
petent collaborators a series of abstracts, showing concisely the 
prominent features of recent scientific progress in astronomy, geol¬ 
ogy, meteorology, physics, chemistry, mineralogy, botany, zoology, 
and anthropology- This latter plan was continued, though not alto¬ 
gether satisfactorily, dow n to and including the year I&S8. 

In the report for 1859 a return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them origi¬ 
nal) embracing a considerable range of scientific investigation and 
discussion. This method has been continued in the prosit report 
for m$ r 
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Tn one sansc that theory of the spiral nebulae to which many lines 
of recently obtained evidence are pointing cun noi be said to bn a 
modern theory, Tlitve are few modern concepts which huve not lieen 
explicitly or implicitly put forward as hypotheses or suggestions 
long Iwfore they were actually substantiated by evidence. 

The history of scientific discovery affords many instances where 
men with some strange gift of in tuition have looked ahead from 
meager data, and have glmi]ised or guessed truths which have been 
fully verified only after the lapse of decades or centuries. Ilerscht-1 
was such a Fortunate genius. From the proper motions of a very- 
few stars he determined the direction of the sun’s movement nearly 
as accurately, due to a very happy selection of stars for the purpose, 
as far more elaborate modern investigations. He noticed that the 
si&r clusters which appeared nebulous in texture in smaller tele¬ 
scopes and with lower powers, were resolved into stars with larger 
instruments and higher powers. From this he argued that oil the 
nebulae could be resolved into stars by the application of sufficient 
magnifying power, and that the nebulae were, in effect, separate 
universes, *a theory which had been earlier suggested on purely 
hypothetical or philosophical grounds by V\ right. Lambert, aiul 
Kunt. From their appearance in the telescope he, again with almost 
uncanny prescience, excepted a few as definitely gaseous and irre¬ 
solvable. 

This view held sway for many years; then came the results of 
spectroscopic analysis, showing that many nebulae (those which wo 
now classify as diffuse or planet ary) are of gaseous constitution and 
can not be resolved into stare. The spiral nebulae, although showing 
a different type of spectrum, were in most theories tacitly included 
with the known gaseous nebulae, _ 
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We have now, as fur nH tJie spiral nebulae arc concerned, come 
back to the standpoint of HerscheFs fortunate, though not fully 
warranted deduction, anti the theoiy to which much recent evidence 
b pointing, is that these beautiful objects are separate galaxies* or 
« island umvarBes,” to employ the expressive and appropriate phrase 
coined by Humboldt 

By means of direct observations on the nearer and brighter slurs, 
and by the application of statistical methods to large groups of the 
fainter or more remote stars, the galaxy of stars which forms our 
own stellar universe is believed to comprise perhaps a billion suns. 
Our sun* a relatively inconspicuous unit, is situated near the center 
of figure of this galaxy + This galaxy is not even approximately 
spherical in contour* but shaped like a lens or thin watch; the actual 
dimensions are highly uncertain; Newcomb'S estimate that this 
galactic disk is about 3*000 light-years in thickness and 30,000 light- 
years In diameter is perhaps as reliable m any other. 

Of the three classes of nebulae nlisorved, two. the diffuse nebu¬ 
losities and the planetary nebulae* are typically a galactic phenome¬ 
non as regards iheir apparent distribution in space, and are rarely 
found nt any distance from the plane of our Milky Way. With the 
exception of certain diffuse nebulosities* whose light is apparently a 
reflection phenomenon from bright stars involved within the nebulae* 
both these types are of gaseous constitution, showing n characteristic 
bright-line spectrum. 

Differing radically from the galactic gaseous nebulae in form 
and distribution, we find a very large uumUT of nebulae predomi¬ 
nantly spiral in rtntctlire, The following salient points must bo 
taken into account in any adequate theory of the spiral nebulae, 

1, In apparent size the spirals range from minute flecks* just dis¬ 
tinguishable on the photographic plate, to enormous spirals like 
Messier 33 and the great nebula in Andromeda, the latter of which 
covers an area four times greater than that subtended by the full 
moon. 

& Prior to the application of photographic methods* fewer than 
10 T fMiO nebulae of all classes had been observed visual I y, fine of the 
first results deduced by Director Kedcr from the program of nebular 
photography which he inaugurated with the Crossky reflector nt 
Lick Observatory, was the fact that great numbers of small spirals 
are within reach of modern powerful reflecting telescopes. He 
estimated their total number as ISO,000 early in the course of this 
program* and before plates of many regions were available. I have 
recently made u count of the small nebulae on all available regions 
taken at the Lick Observatory during the past 20 years 3 and 
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from these counts estimate that there urc at least 700,000 spiral 
nebulae accessible with large reflectors. 

3. The most anomalous and inexplicable feature of the spiral 
nebulae is found in their peculiar distribution. They show an ap¬ 
parent abhorrence for our galaxy of stars, being found in greatest 
numbers around the poles of our galaxy. In roy counts I found on 
approximate density of distribution as follows; 

Galactic latitude rf 45’ to + «T - - - » par squa re degree. 

Galactic Latitude - 43* to - 00“ - -f (w «V»«* 1 ^ ■ 

Galactic latitude + 5t>* to + 45* and —SO* to— 45* - 24 per square degree. 

Galactic latitude -80* to + W -—- * P« *■«<»* 

y 0 spiral has as vet been found actually within the structure of the 
Milky Way. We have doubled and trebled our exposures in regions 
near the galactic plane in the hope of finding fainter spirals in stub 
areas, but thus far without results. The outstanding feature of tlm 
space distribution of the spirals is, then, that they are found in great¬ 
est profusion where the stars ttre fewest, and do not occur where th# 
stars are most numerous- This distribution may be illustrated 
graphically as follows: 

the fact™ ok space ihstruittuin. 

400,000 ± Spiral nebulae 


Our own stellar universe 
is shaped like a thin lens, and is perhaps 
8 000 by ftOjOOO light-years in extent. In this 
space occur nearly nil the stare, nearly all the new stars, nearly 
all the variable stars, most of the diffuse and 
planetary nebulae, etc., but no xpiral 
tnebulae. 


300,000 ± Spiral nebulae. 
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4. The spectrum of the spirals is practically the some as that given 
by a star cluster, showing a continuous spectrum broken by absorp¬ 
tion lines. A few spirals show bright-line spectra in addition, 

5. The space-velocities uf the various classes of celestial objects are 
*u!mmurizcd in the following short table: 

Tilt PACT 0 B OF SPACE VKtiX'lTV* 

1. Thu dltfora nebulae. 

Velocities lour* 
tL The star*. 

VelucEUes yotj wJlli fipertml type, 

irijisw B stan: Average opeeilg 3 miles per HCtmd. 

Ciast# A stain: Average speeds 14 rutU^ jmt pvcddcL 
rituai f stars: Average in mili-sper Heccmth 

Cliisfc G uta n: Average speeds* 10 ni Eli'S jxr secotttt 
Class K «tana: Average kjhh^&h St miles ikt second* 

Ossa M siar*: Average speeds 2J ml tea per second 
3. T3 h i star cliatent 

VelueltieH about 100 inUes per 
A The planetary nebulae. 

Averugv miuvdfl 4K mile# t^cr jwcond. 
s< TIih spiral nefaulufc 

Avmge speeds 480 jxr wwl 

The peculiar variation of the space velocity of the stars with 
spectral type may ultimately prove to be a function of relative mass. 
The radial velocities uf but few spirals have been determined to date; 
future work may change the value given* but it seems certain that it 
will remain very high. 

It will l*e seen at once that* with regard to this important criterion 
of space velocity, the spiral nebulae are very distinctly in a class 
apart. It seems impossible to place them at any point in a coherent 
scheme of stellar evolution. We can not bridge the gap involved in 
postulating Indies of such enormous space velocities either as a point 
of stellar origin* nr as a final evolution product* 

tin the older theory that the spirals are a part of our own galaxy, 
it is imposdhle to hurmonbe certain features nf the data thus far 
presented. If this theory la true, their grouping near the galactic 
poles, inasmuch as all evidence points to a flattened or disk form for 
our galaxy, would indicate that they are relatively close to us. In 
Lhat event, we should inevitably have detected in this class of objects 
proper motions of the same order of magnitude as those found for the 
sitars at corresponding distances. Such proper motions are the more 
to bo expected in view of the fact that the average space velocity of 
the spirals is about 30 times that uf the stars, I Irnve repeated all the 
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eiirlier plates of the Keeler nebular program, and was able to find no 
certain e ridel ice of either trtLHslution ur rotation In these objects in 
an average time interval o f 13 years. 1 Their form, and the evidence 
of the s|iectroscope f indicate, however,, thn! they nre in rotation. 
Knowing that Lheir space velocities tire high, the failure to dtrhvt 
: mv certain evidence of cross motion is an indication that these objects 
must be very remote 

Even if the spiral not a stagp in stellar evolution., but a cl uss 
apart, is it still possible to nssmm that they are, notwithstanding an 
integral part of our own stellar universe, sporadic itiAnifestatuii^ of 
an unknown line of evolutionary development, driven off m sonic 
mvsterimia manner from the regions of greatest star density? 

A relationship between two classic of objects may be one of avoid¬ 
ance just as logically as one of contiguity. Tt has been argued that 
the absolute avoidance which the spirals manifest for the galaxy of 
the stars shows meontrovertibly that they must, by reason of this 
very relationship of avoidance, he an integral feature of OUT galaxy. 
This argument has proved irresistible to many, among others to so 
keen a thinker as Herbert Spern et, who w rote: 

X ij tliut zone of col^tlal space where slam are eMcadTely ahum! ant nrtolne 
nre rare- while En tLl* two opposite criertla] spar** Elan are nirtliOHi teinovutf 
from this zone nebula are abundant * * * Can rMe be men coUa-lden^? 

wh#t to the fact that the general man of tbo nehuUie are afidthetfcal In lo¬ 
tion to the general rnusw of the stars* we add the facl dial hscii! regions of 
nebul \m are regions where Btafs are scarce * * * not the proof of a 

physical eoEirtectUm bemirnr i>verwhctniliifi1 

It must be admitted that a distribution, which has placed three- 
quarters of a million objects around the pules of our galaxy, would 
be against ail probability for a doss of objects which would be ex¬ 
pected to be arranged at randum, unless it can be shown that this 
peculiar grouping is only apparent, and due to some phenomenon m 
our own guliixv. This point will be reverted to inter, ^ 

It Inis been" shown that the factors of space velocity and space 
distribution separate the spirals very clearly from the stars of our 
cnlftxv; from these facts alone and from the evidence of the spectro¬ 
scope* the island-universe theory is given a certain measure of 

Cr Anothlr Une of evidence has been developed within tb* past two 
years which adds further support to the island-uni verse theory 
of the spiral nebulae _ ___ 

■CVTU* B. D. Tb. iw« mM*~e7& ^ .Miron. S«. P«1lk 87^14 

l£lEh 



123 AHKUAL JgBFOItT OMITHSOffTAN IHSEtTinCJOT, IMfl# 


NEW STARK. 

Within historical times some 27 new stars have suddenly flushed 
out in the heavens* Some have been of interest only to the astrono¬ 
mer; others, Ilka that of last dime, have rivaled Sirius in brilliancy. 
All have shown the same general history, suddenly increasing in 
light ten thousandfold or more, and then gradually, but still rela¬ 
tively rapidly, si nkin g into obscurity again. They are a very inter¬ 
esting doss, nor has astronomy uls yet been able to give any universally 
ncogp^cl explanation of these anomalous objects. Two of these novae 
had appeared m spiral nebulae, but this fact had not been neighed 
at its true value* Within the past two years over a dozen novae 
have been found in spiral nebulae* all of them very faint, ranging 
fruiu about the fourteenth to the miietmith magnitudes ut maxi- 
mum* Their life history, so far sis we can tell from such faint 
objects, appears to be identical with that of the brighter novae* 
Now, the brighter novae of the past—that is, those which have not 
appeared in spirals—have almost invariably been a galactic phe¬ 
nomenon, located in or close to our Milky Way, and they have very 
evidently been o part of our own stellar system. The cogency of 
the argument will, 1 think, be apparent to alb although the strong 
analogy is by no nicuns & rigid proof. If 27 novae luive appeared in 
our own galaxy within the past HOG years, ami if about half that 
number aro found within a few years in spiral nebulae fur removed 
frum the galactic plane, the presumption that these spirals are them- 
selves galaxies composed of hundreds of millions of stars is a very 
probable one. 

If, moreover, we make the reasonable assumption that the new 
stars in the spirals and the new stars in our own galaxy average 
about the same in size, moss, and absolute brightness, wo can form a 
very good estimate of the probable distance of the spiral nebulae, 
regarded as island universes. Our galactic novae have averaged 
about the fifth magnitude* The new stars which have appeared in 
the spiral nebulae have averaged about the fifteenth magnitude, but it 
would appear probable that we must inevitably miss the fainter 
novae in such distant galaxies, and it is perhaps reasonable to assume 
that the average magnitude of the novae in spirals may be about 
the eighteenth, or 13 magnitudes fainter than those in our own galaxy. 
I hey would thus be about one hundred and sixty thousand times 
fainter than our galactic novae, and on the assumption that both 
types of novae average the same in mass, absolute luminosity, etc., the 
novae In spirals should be four hundred times farther swav* We do 
not know the average distance of the new stars which have appeared 
in our own galaxy, but 10,000 light-years is perhaps a reasonable esti- 
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mute,* This would indicate a distance of the order of 4,00(1/)00 light 
years for the spiral nebulae. This is an enormous distance, but if 
these objects lire galaxies like our own stellar system* such a distance 
accords well with their apparent dimensions. Our own galaxy at a 
distance of 10,000,00(1 light-years would be nliout 10 minutes of arc 
in diameter, or the ske of the larger spiral nebulae. 

On Eiidi n, theory a spiral structure for our own galaxy would be 
probable Its proportions accord wdl with the degree of flattening 
observed in the majority of the spirals. We have very little actual 
evidence as to a spiral structure for nur galaxy: the position of our 
sun relatively close to the center of figure of the galaxy am! our 
ignorance of\he distances of the remoter stars renders such evidence 
VC1T difficult to obtain. A careful study of the configurations arid 
*tar densities in the Milky Way has led Professor Easton, of AtnWer- 
f| n m, to postulate a spiral structure for our galaxy. 
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iiihtkibution or spirals. 

Tlier^ is still left one outstanding an cl unexplained problem in tin? 
island universe theory or sin y other theory of the spiral nebulae- 
Noitber theory, its outlined, offers any satisfactory explanation of 
the remarkable distribution of the spirals. On tlio older theory, if a 
feature of our galaxy, what has driven them out to the points most, 
remote fnun the regions of greatest star density 1 If, on the other 
haiulj the spirals are bland universes, it 15 against nil probability that 
our qwn universe should have chanced to be situated about halfway 
Itiftween two great groups of bland universes, and that not a single 
object of the class happens to be located in the plane of our Milky 
Way. 

There is one very common characteristic of the spirals wliich may 
be tentatively advanced as uti explanation of the peculiar grouping 
of die spirals. 

A very considerable proportion of the spirals show indubitable 
evidence of occulting mutter, lying in the plane of the greatest ex¬ 
tension of the spiral, generally outside the whorls, but nceusionoUy 
I-ictween the whorls n> well. This outer ring of occulting mutter is 
most easily seen when the spiral is so oriented in space as to turn its 
edge toward us. But the phenomenon is also seen in spirals whose 
planes make n small, hut appreciable angle with our line of sight, 
manifesting Steelf m such appearances ns “lanes” more prominent 
on one side of the major axis of the elongated elliptical projection, 
in a greater brightness of the nehulur matter on one side of thb major 
uxb, in a fan-shaped nuclear portion, or in various combinations of 
these effects. The phenomenon is a very common one. 1 1 lustrations 
of 78 spirals showing evidences of occulting matter in their peripheral 
equatorial regions, with a more detailed discussion of the forms ol> 
served. rirs! intw being published/ and additional examples of the 
phenomenon am constantly lacing found. 

T\ I Lite we hii'e os yet no definite proof of the existence of such a 
ring of occulting matter lying in our galactic plane and outside of 
the great moss of the stars of nur galaxy, there is n great deal nf 
evidence for snch occulting matter in smaller areas in our galaxy, 
^fnny Mich dnrk areas arc observed around cerium nf the diffuse 
nebulosities, or seen in projection on the background fund shed by 
such nebulosities or the denser portions of the Milky Way; these ap- 
ppnnuu-ra min to lw actual “dark nebulae”* The cnrion- “rifts” 


■Cnitli, 1L I?.. Gmilllnt; In *pTrftl nrtptjU*, FnSv, COltt Sninl-CehL 'FnhX. i(|» 
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in ilui Milky Way may well be ascribed. ill least in pari. to Mich 

uKing in dltcr. 

Though wo thereby run the risk of arguing in a riralo, tlu; fiu-t 
that no spirals can be detected in our galactic plane, a natural result 
of such a ring of occulting matter, would in itself appear to lend 
sumo probability to the hypothesis. The peculiar distribution of the 
spiral nebulae would then be explained as due, not loan actual asym¬ 
metrical tnd improbable distribution in space, but to a cause within 
our own galaxy, assumed to be ti spiral with a peripheral ring of 
mr lilting matter similar to licit observed in a large proportion of tfuj 
spirals. The argument that the spirals must be an integral feature 
of our own galaxy, based on a relationship of avoidance, would then 
lose its force. The explanation appears to be a jtosribility. even a 
strong probability, on the island universe theory, and I know of no 
Other explanation, on any theory, for the observed phenomenon of 
nebular distribution about our galactic poles. 

BtUHABY. 

The spiral nebulae us island universes. 

1 . On this theory it is unnecessary to attempt to coordinate the tre¬ 
mendous space velocities of the spirals with the tldrtyfolrl smaller 
values found for the stars. Very high velocities have been found fur 
the Magellanic Cloutls, which may possibly Kr very irregular spirals, 
relatively close to our galaxy, 

•2. There is some evidence for a spiral structure in our ow n galaxy. 

1. The spectrum of the majority of the spirals is practically idonti- 
ca \ w itl, that given by a star cluster; a spectrum of this genera! typo 
is Hill’ll !is would be cx])cctcd from a vast congeries of stars. 

4 |f spirals are separate universes, similar to our galaxy 
in extent and in number of component stars, we should observe 
inanv new stars in the spirals, doscly resembling in their life history 
ti,« 27 novae which have appeared in «ur own galaxy. Over a dozen 
such novae in spirals have been found, and it is probable ihat a 
systematic program of repetition of nebular photographs will add 
greatly to this number. A comparison of the average magnitudes of 
the novae in spirals w ith those of our own galaxy indicates a (listener 
of the order of 10,000.000 light-yenra for the spirals. Our own galaxy 
L tt this distance would appear 10 ' in diameter, the size of the mrgpr 

5 \ considerable proportion of the spirals show a peripheral 
,,material ring of occulting matter. So many instances id this have 
1 -re el found that it appears to be n general though not universal char¬ 
acteristic of the spirals! the existence of such an outer ring of occult- 
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ing matter in our own galaxy. regards! as a spiral, would furnish 
an adequate explanation of the peculiar distribution of the spirals. 
There is consider able evidence of such occulting matter in our galaxy. 

An English physicist has cleverly said that any really good theory 
brings with it more problems than it remove* It is thus with the 
island-universe theory. It is impossible to do more than to mention 
a few of these problems, with no attempt to divine those which may 
ultimately be presented to Us. 

While die data are too meager as yet. several attempts have been 
made to deduce the velocity of our own galaxy within the super-gal- 
axy, Tt would not las surprising if the space-velocity of our galaxy, 
like those of the spirals and the Magellanic Clouds, should prove to 
be very great, hundreds of miles per second. 

Further, what are the laws which govern the forms assumed, and 
under which these spiral whorls arc shaped 1 Are they stable struc¬ 
tures; are the component stars moving inward or outwardf A be¬ 
ginning has been made by -leans and other mathematicians on the 
dynamical problems involved in the structure of the spirals. The 
field for research is, like our subject matter, practically infinite. 
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A DETERMINATION OF TTTT. DEFLECTION OF LIGHT BY 
THE SUN’S GRAVITATIONAL FIELD, FROM OBSERVA¬ 
TIONS MADE AT THE TOTAL ECLIPSE OF MAY 29, 1910 ' 


By Sir F. \X m DvaoN., F, R S h itAtrmimittY ftiyoh Prof. A, S, Kdiii^ctov, F. R. S,, 

rtfid Mr. C. DaTIDSO*. 


[Wltii 1 plate.] 

L FfJRFQEH OF THE EXPEDITIONS. 

1 . The purpose of the expeditions was to determine what effect, if 
Btiv, is produced by a gravitational field on the path of a ray ol 
light traversing it. Apart from possible surprises, there appenred to 
be tbree alternatives, which it was especially desired to discriminate 
between— 

(1) The path is uninfl uenced by gravitation, 

(2) The energy or mass of light is subject to gravitation in 
the same way us ordinary matter. If the law of gravitation is 
strictly the Newtonian law, this leads to an apparent displace- 
ment 'of a star close to the sun’s limb amounting to 0.87" 

outward. ..... ... 

(3) The course of a ray of light is m accordance with 

Einstein’s generalized relativity theory. This leads to an ap¬ 
parent displacement of a star at the limb amounting to lW 
outward. 

In either of the last two cases the displacement is inversely pro¬ 
portional to the distance of the star from the sun s center, the dis¬ 
placement under (3) being just double the displacement under (2E 

It mav be noted that both 12) and (3) agree m supposing that 
light is subject to gravitation in precisely the same way as ordinary 
matter. The difference is that, whereas (2) assumes the Newtonian 
law (3) assumes Einstein's new law of gravitation. The slight 
deviation from the Newto nian law, which on Einstein s theory causes 

. (teprint*! 6r |wn>Mk« *»“ rbUotopslci «w" ett8 “ ~ l tb- 00X1,1 Rw!, * ljr ** 

LoadOfJ, Scriri A ¥ vfll* tM, PP- 2&I-5&S+ 

12573 1 —21-10 







134 ANNUAL REPORT SlUlTltSOKTAN TXSrrn i.iT ION # IMS 1 . 

an excess motion of perihelion of Mercury, becomes magnified ns the 
speed increases until for the limit ini' velocity of light it doubles the 
curvature of the path. 

2. The displacement (2) was first suggested by Professor Einstein 
in 1011, his argument iielng based on the principle of equivalence, vis, 
that n gravitational field is indistinguishable from a spurious field 
of force produced bv an acceleration of the axes of reference. Put 
apart from the validity of the general principle of equivalence there 
ware reasons for expecting that the electromagnetic energy of a 
beam of light would be subject to gravitation, especially when it was 
proved that the energy of radioactivity contained in uranium was 
subject to gravitation. In 1015, however, Einstein found that the 
general principle of equivalence necessitates a modification of the 
Newtonian law of gravitation, und that the new law leads to the 
displacement {3). 

:J . 'fj w (>n iy opportunity of observing these possible deflections is 
afforded by a ray of light from a star passing near the sun. (Tlio 
maximum deflection by Jupiter is only 0.017".) Evidently, tho 
observation must be made during a tntal eclipse of the sun. 

Immediately after Einstein's first suggestion, the matter was taken 
up bv Dr. E. Frcundlich. who attempted to collect information from 
eclipse plates already token: but he did not secure sufficient material. 
At ensuing eclipses plans were made by various observers for testing 
the effect, but they failed through cloud or other causes. After 
Einstein's second suggest km Imd appeared, the Lick Observatory 
expedition attempted to observe the effect at the eclipse of 1918. The 
final results are not yet published. Some account of a preliminary 
discussion has I wen given,* * but the eclipse was an unfavorable one, 
and from the information published the probable accidental error is 
large, so that the accuracy is insufficient to tliscriminate between the 
three alternatives, 

4. The results of the observations here descriLied appear to point 
quite definitely to the third alternative, and confirm Einstein's 
generalized relativity theory. As is well-known the theory is also 
confirmed by the motion of the perihelion of Mercury, which excectls 
the Newtonian value by 43" per century—an amount practically 
identical with that deduced from Einstein’s theory. On the other 
hand, his theory predicts a displacement to the red of the Fraun¬ 
hofer lines on the sun amounting to about 0.009 A in the violet. Ac¬ 
cording to Doctor St. John* this displacement is not confirmed. If 
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this disagreement is to In* taken as final it necessitates considerable 
mod ideations of Einstein’s theory, which it is outside our province to 
discuss. But. whether or not changes are needed in other parts of 
the theory, it appears now to be established that Einstein's law of 
gravitation gives the true deviations from the Newtonian law l>oth 
for the relatively slow-moving planet Mercury and for the fast- 
moving waves of light. 

It seems clear that the effect here found must lie attributed to the 
sun’s gravitational field and not, for example, to refraction by 
coronal matter. In order to produce the observed effect by refract ion, 
the sun must be surrounded by material of refractive index 
1 + 0 . 0000041 Vr, where r is the distance from the center in terms of 
the sun's radius. At & height of one radius above the surface the 
necessary refractive index 1.00000212 corresponds to that of air at 
atmosphere, hydrogen at -fc atmosphere, or helium at atmos¬ 
pheric pressure. Clearly o density of (his order is out of the ques¬ 
tion. 

II. PREPARATIONS FOR THE EXPEDITIONS. 

5, In March. 1017.® it was pointed out as the result of an examina¬ 
tion of the photographs taken with the Greenwich astrographlc tele¬ 
scope at the eclipse of 1905 that this instrument was suitable for the 
photography of the field of stars surrounding the sun in a total 
eclipse. Attention was also drawn to the importance of observing 
the eclipse of Slay 29, 1919, ns this afforded a specially favorable 
opportunity owing to the unusual number of bright stars in the 
field, such as would not occur again for many years. 

With weather conditions as good ns those at Sfax in the 1905 
cclijjsc—and these were by no means perfect—it was anticipated that 
12 stare would be shown. Their positions are indicated in the dia¬ 
gram on page 136, on which is also marked on the same ale the 
outline of a 16 bv IG centimeter plate (used with the astrogrephic 
telescopes of 8.43 meters focal length) and a 10 by S inch plate 
(used with a -1-inch lens of 19 feet focal length). 

The following table gives the photographic magnitudes and stand¬ 
ard coordinates of the stars, and the gravitational displacements 
in * and y calculated on the assumption of a radial displacement 

t,75"i+ where r is the distance from the sun s center and r 4 the 

T ' 

radius of the sun. 
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It may be noted that Sa 1 lk lost in the corona on the photographs 
taken at Sobrab The star, Xo. 13, of magnitude B,0 t is shown on 
iHime of ihe astrographic plates at ^obruL 
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0. The track of the eclipse I'nns from North Brazil across the At¬ 
lantic. skirting the African coast near Cape Palmas, pacing through 
thfci Island of Principe, then across Africa to tlie western shores of 
Lake Tanganyika. Inquiry os to the suitable sites and probable 
weather conditions was kindly made by Mr. Hinb*. It appeared 
that a station in North Brazil, the Island of Principe, and a station 
on the west of Lake Tanganyika were possible, A station near 
Cape Palmas did not seem desirable from the meteorological re- 
porte though. A* 6 the event proved, the eclipse was observed in a 
dnndh-s sky by Professor Bauer, who was there on an expedition 
to observe magnetic effects. At the station at Tanganyika it was 
thought the sun was at too low an altitude for observations of this 
character, owing to the large displacements which would he mused 
by refraction. 

A circular received from Doctor Morize* the director of the ob¬ 
servatory Eit Bio,, stated that Sobral was the most suitable station Ln 
North Brazil and gave copious information of tlie meteorological ■ on- 
ditions, mode uf access, etc. 

7, Acting pn thi> information the joint permanent eclipse com¬ 
mittee at a meeting on November 10* 1917, decided, if possible, to 
.send expeditions to Sobral in North Brazil, and to the Island of 
Principe. Application was made to the government grant committee 
for £100 fur instruments and £1,000 for the expedition, and a subcom 
mittee consisting of Sir F. W + Dyson, Professor Eddington, Profes¬ 
sor Fowler, and Professor Turner was appointed lo make arrange¬ 
ments for the expeditions. This subcommittee met in May and June, 
1918, and made provisional arrangements for Professor Eddington 
and Mr. Cottingham to take the object glass of the Oxford sMro- 
graphie telescope to Principe, and Mr. Davidson and Father Cortie 
to lake the object glass of the Greenwich usLrograpliic telescope io 
SobrnL It was arranged for the clocks and mechanism of the ccrin- 
stats to be overhauled by Mr. Cottingbmu* Preliminary inquiries 
were also set on foot as to shipping facilities, from which li appeared 
very doubtful whether the expeditions could be carried through. 

Conditions had changed materially in November, 1913, and at a, 
meeting of the subcommittee on November B, it was arranged to as¬ 
semble the instrument at Greenwich, and make necessary arrange¬ 
ments with all spoed for the observers to leave England by the end 
of February. 1919* In addition to the astrographie object glasses fed 
by 16-inch eo^lo^tnts7 Father Cortie suggested to the subcommittee 
the use of the 4-inch telescope of 19-feet focus, which he had used 
at Ilemnsnnd* Sweden, in 1914. in conjunction with an 8-inch cielo- 
statj the property of the Boyul IrLb Academy, It was arranged to 
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ask for the loan of these instruments. As Father Cortie found it 
impossible to spare the necessary time for the expedition his piece 
was taken by Doctor Crommeliti of the Royal Observatory. 

8, In .November, ISIS, the only workman available at the Royal 
Observatory was the mechanic, the carpenter not having 1 been re¬ 
leased from military service. In these circumstances Mr. Bowen, 
the civil engineer at the Royal Naval College* was consulted., He 
kindly undertook the construction of frame huts covered witli canvas, 
which could be easily packed and readily put together. These were 
generally similar to those used in previous expeditions from the Royal 
Observatory. (See Monthly Notices, Voh LVII. f p. 101.) lie also 
lent the services of a joiner who worked at the observatory on the 
woodwork of the instruments. 

It was found possible to obtain stool tubes for the astrogmphic ob¬ 
jectives. These were, for convenience of carriage, made In two sec¬ 
tions which could be bolted together. The tube* were provided with 
flanges at ouch end, the objective being attached to one of these, and 
u wooden breech piece to the other. In the breech piece suitable pro¬ 
vision w as made fur the focusing and squaring on of the plates. The 
plate holders were of a simple construction, permitting the plate to 
be pushed into contact with three metal tilting screws on the breech 
piece thus insuring a constancy of focal plane. Eighteen plate-car¬ 
riers were obtained for each of the astrogmphle telescopes, made 
according to a pattern supplied. 

With the 4-inch lens Father Cortie lent the square wooden tube used 
by him in 1914, This was modified at the breech end to secure greater 
rigidity and constancy of focus, 

it was designed for dark slides carrying 10 by S-inch plitm, and 
four of these, carrying eight plates, were lent with the telescope. The 
desirability of using larger plates was considered, but the time at 
disposal to make lhe necessary alterations was insufficient. 

The 10-inch codostats which had been overhauled by Mr, Cutting- 
ham were mounted and tested as far as the unfavorable weather con¬ 
ditions of February, 1919, would permit. The 8 inch todostafc was 
constructed for these latitudes. To make it serviceable near the equa¬ 
tor a strong wooden wedge was made on which the eudostat was 
bolted. 

The 8 inch mirror was silvered at the observatory, but owing to 
lark of facilities for maintaining a uniform temperature approach¬ 
ing^* F + in the wintry weather ol February, the larger mirrors were 
.sent away to be silvered. 

Photographic platen, suitably packed in hermetically sealed tin 
boxes* were obtained from the Ilford and I m periiiI Cos. The Ilford 
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employed wore Special Hupiil and Empress, and those of tbe 
Imperial Co., .Special Sensitive. Sovereign. iuid Ordinary. 

The inatmnMotB tvcro cure full/ packed nnd sent to Liverpool u 
week in advance, with the exception of the objectives. These were 
packed in eases inside hampers and remained under the jHjrstnm] care 
of the observers, ivho embarked on the Atutclm on March b. 

IIL THE EXPEDITION To SORIlAL. 

[llterreR, Dr. A. C- I», Ctoanwllii ami Mr. C, OiThlm] 

9. So bra I is the second town of the State of Ceara, in the north 
of Brazil Its geographical coordinate are: Longitude Eh. 4Ini. 2-jsl 
west: latitude 41* 33" south; altitude 230 feet. Its climate is 
dry and though hot not unhealthy. 

The expedition reached Pam on the Anselm on March 33. Them 
was it choice of proceeding immediately to Sobral or waiting for 
some weeks. H was considered undesirable to go there before we 
heard from Doctor Morize what arrangements were being made, so 
we reported our arrival to him by telegram and decided to await Ids 
reply * As wc bud thus some time on our hands we continued the 
voyage to Mannas in the Anselm^ returning to Para on April 8. 

By the courtesy of the Brazilian Government our heavy baggage 
was passed through the customs without examination and we con¬ 
tinued our journey to Sobral,!earing Para on April 24 by the steamer 
F&riafe-ti and arriving at Camocim on April 29. Hen wo were met 
by Mr, John Nicol&u, who had bam instructed to assist tts with our 
baggagti through to Sobral Wo proceeded from Camocim to Sohral 
by (ruin on April 30, our baggage following tlie next day. 

We were met at Sobrul station by representatives of l>otli the 
civil and ecclesiastical authorities, headed respectively by Dr. Jocome 
d T OIiveiru T the prefect, and Monsignor Ferreira, and conducted to 
the house which hod been placed at our disposal by the kindness 
■J f its owner, CoL Vicente Sabaya, the deputy for Sobrul We were 
joined there nine days later by the Washington (Carnegie) Eclipse 
Commission, eon* 1sting of Alessrs, Daniel Wise and Andrew Thom¬ 
son. 

We are greatly indebted to Dr. Leocadio Araujo* of the State 
Ministry of Agriculture, who had been deputed Lo interpret for us 
and to assist m in nur preparations. His services were invaluable, 
and contributed greatly to our success as also to our well-being dur¬ 
ing our stay, 

10, A convenient site for the eclipse station offered itself just in 
front of the house; (his was the race course of the Jockey Club, 
and was provided with a covered grand stand, which we found 
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most convenient for unpacking and storage and In the preparatory 
work. We laid down a meridian line, after which brick piers were 
constructed for the ccelostats and for the steel Lube of the astro- 
graphic telescope. Whilst this wus in progres the huts were being 
erected. 

The pier of the rjhuII ctelostat was const rue ted so as to leave a 
dear spare In the middle of one end for the fall of the weight* 
which, was thus bdow the driving barrel of the dock- By continuing 
the hole below' tile foundations of the pier, space was provided for 
u fall of the weight permitting a run of 25 minutes. In the rase 
of the iG-inch ecelostat* the clock was mounted on the top of a Song 
wooden trunk, nearly 4 feet in length, which was placed on end. 
and sunk in the earth to ci depth of about 2 feet. The weight 
descended inside the trunk directly from the driving barrel, and hail 
apace for a continuous run of over half an hour* 

The IS-inch cedostat hud free adjustment fur nil latitudes; but 
the R-inch one, constructed for European kit dudes, was mounted 
t>n n wooden base, inclined at an angle of about 40*. constructed 
before leaving Greenwich. The dock had to be separated f rom the 
ccalasiat, mounted cm a wooden ba.se and reversed, to adjust to the 
Southern Hemisphere, It performed very satisfactorily t and no 
elongation of the star images in shown with 28 seconds* exposure. 

To provide for the changing declination of the sun the pier* of 
the astrogrnphic telescope were made with grooves in the tap* in 
which the wooden V-supports of the tube could slide, thus allowing 
for the change of azimuth* 

The tube of the astrogniphic telescope was circular in section, and 
could rest in any position in the V*s; for convenience it was adjusted 
sn that the directions of right ascension mid declination wore paral¬ 
lel to the sides of the plate; this involved a tilt of the plate holders 
of about 4 degrees to the horizontal. 

The Much lens was taken as an auxiliary; we used the square 
wooden tube, ID feet in length, originally used by Father Cottle at 
Hcruusimd in 1014* together with the 10 by 8 inch plate carriers. 
Study of Liu? tar diagram showed that seven stars could be photo¬ 
graphed by turning the plate through 45®. The tube was therefore 
placed on its angle, large wooden V-supports bcin^ prepared to fit 
the tube; these rested on strong wooden trestles 

The focusing was -it first done visually on Arctum^ using ius 
eyepiece fitted with a cobalt glass, after the plate supports and 
object glo$s had l*ecn adjusted for perpendicularity to the axis 
Aperies of exposures was then made, the focus being varied slightly 
so us to cover n sufficient range, Examination of these photographs 
sliowed at once Unit there was serious astigmatism due to the figure 
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of the mirror of the IfHndi cFido^tat* By inerting 1 an 8-inch stop 
this vdfi reduced to si btge extent and this stop wsls henceforth 
u&eii throughout; hut the defect wt as of such a character that it was 
-dear that it would be necessnry to stay at Sobrai and obtain com¬ 
parison plates of the eclipse field in July when the sun had moved 
awny. 

The focus of the 4-inch was determined in a similar manner. 
The images, though superior to those of the nstrogtapbic, were not 
quit® perfect, and hero again com pari son plates in July were neces¬ 
sary* Once the focus had been decided on, the breech end was 
securely screwed up to avoid any chance of subsequent movement* 

A few check plates of the field near Arcturus ware taken, but 
have not been used. 

11, The following is a summary of the meteorological conditions 
during our stay* The barometer record was interesting in that it 
showed very little change from day to day, in spite of changes in 
the typo of weather; there was. however, u very well marked temi- 
diurnal variation, with range of about 0.15 inch. The temperature 
range was fairly uniform, from a maximum of about F. toward 

p^ ni* to a minimum of about 75" at 5 a. m. 'Hie relative humidity 
fas shown by a hygrograph belonging to the Brazilian Commission) 
followed the temperature closely, varying from 30 per cent in the 
afternoon to 90 per cent in the early morning. 

May is normally the last month of the rainy season ai &obral t 
but this year the rainfall was very scanty; there were a few after¬ 
noon showers, each ushered in by a violent gust of wind; and on 
May 25 there was very heavy rain* which was wdcuimi for its 
moistening effect on the ground, the dust hitherto having been 
troublesome to the clockwork although every cure hud been taken 
to protect it. There was a fair amount of cloud in the mornings, 
but the afternoons anil nights were clear in the majority uf Cnst-s. 
Mount Meruocci T 2,Ti}0 feet high, about 6 mile* to the iiortluvtvt, 
was a collector of doud* els dmitait being frequently veiled in mist. 
In spite of its cooler climate, the summit would thus not have been 
si suitable eclipse station, and* in fact, nothing uf the total phase 
of the eclipse was seen from it. 

12, Although water was generally scarce, we were very fortunately 
situated as we enjoyed on unlimited supply of good water laid on 
at the house. This was of great benefit in the photographic opr ra¬ 
tions. Ice was unobtainable, but by the use of earthen ware water- 
coolers it was possible in reduce the temperature to about 75'. ami 
by working only at night or before dawn development of the platen 
was fairly easy. Formalin was used in every ease to harden the 
films, tind thereby minimize the chance of distortion due to the 
softening of the lilies by the warm solutions. 
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We had provided ourselves with two brands of plates, but it bad 
become apparent from photographs taken and developed before the 
eclipse that. one of these brands was unsuitable in the hot climate, 
and it was decided to use practically only one brand of plates. 

In taking the experimental photographs it was noticed that the 
clocks and ccslostats were very sensitive to wind. We had reason 
to fear strong gusts about the time of totality* such its hud occurred 
m other eclipses: and as the conditions of our locality seemed to 
render them specially probable* protective wind screens were erected 
round the hut openings at every point where it was possible without 
interfering with the field of view. Happily dead calm prevailed at 
the critical time. Screens also protected all projecting parts of the 
telescope tubes from direct sunlight. 

The performance of the 16-imdt oo&lostat was unsatisfactory in 
respect of driving. There was a clearly marked oscillation of the 
images on the screen in a period of about SO seconds For this reason 
exposure time was shortened, so as to multiply the number of ex¬ 
posures in the hope that some would be near the stationary points. 

13- The morning of the eclipse day was rather more cloudy thanthe 
average, and the proportion of cloud was estimated at ^ at the 
time of first contact, when the sun was in visible- it appeared a few 
seconds litter, showing a very small encroachment of the moon, and 
there were various short intervals of suns]line during the partial 
phase which enabled us to place the sun's image at its assigned posi¬ 
tion on the ground glass, and to give a final adjustment tu the rates 
of the driving clocks. As totality approached* tho proportion of 
cloud diminished, and a large dear space reached the sun about one 
minute before second contact. Warnings were given 58 seconds, ±1 
seconds, and 12 seconds before second contact by observing the length 
of the disappearing crescent on the ground gloss. When the crescent 
disappeared ihe word “go** was called and a metronome was started 
by Doctor Leocadio, who called out every tenth beat during totality* 
and the exposure tiiuvs were recorded in terms of these beats. It 
beat 320 times itt 310 seconds; allowance bus been made for this rate 
in the recorded times. The program arranged was curried out suc¬ 
cessfully* 19 plates being exposed in the aatrographic telescope with 
alternate exposures of 5 zmd 10 seconds, and eight in the 4-inch 
camera, with a uniform exposure of 28 seconds. The region round 
the sun was free from cloud, except for an interval of about a minute 
nrzsr the middle of totality, when it was veiled by thin cloud, which 
prevented the photography of stars, though the inner corona re¬ 
mained visible to the aye and the plates exposed at this time show it 
and the large prominence excellently defined. The plates remained 
in their holders until development r which wus carried out in con- 
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venient batches during the flight hours of the following days, being 
completed by June 5, 

14. No observation of contact times was inside, but it is known 
that these times were somewhat before those calculated* As the times 
recorded were reckoned from second contact, it is assumed that this 
occurred May *28j 23 hours f*8 minutes 18 seconds Greenwich mean 
time* 

The details of the exposures are given in the following tables; 
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With the astrogliaphic telescope 12 stars arc shown on a number 
of plates, and seven stars on ail but three (Nos. 13, 14, and 10), 
Of the eight plates taken with the 4-inch lens, seven show seven 
store, but Nop which was taken through cloud, dues not show any. 

The following table of temperatures, communicated by Doctor 
Morize, and converted into the Fahrenheit scale, shows how slight the 
fall was during totality, probably owing to the large amount of 
cloud in the earlier stages, which checked the usual daily rke* 
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l f> - 0n lir ' m o having complete! the development^ we left .Sobral 
for f’ ortaleza, returning on Juljr 9 for the purpose of securing com¬ 
parison plates of the eclipse field, 

Before our departure we dismounted the mirrors and driving docks 
which were brought into the house to avoid the exposure to dust 
Tin- telescopes and coslostuts were left in situ. Before removing 
the mirrors we marked their position in their cells so that they could 
1*5 replaced in exactly the same position. 

After our return to Sobral the mirrors and clocks were remounted; 
the photography of thu eclipse field was commenced on the mornin^ 
of July 11 (civil). The difficulty of finding the field with the cmuT- 
stuts was overcome by making n rough hour circle on the heads of 
the c<Eiostrtts out of millimeter paper- 

The following is the list of exposures made on the field for com- 
purtson with the eclipse photographs: 


(TteuirMnnw ctnnbeti folkur tbs civil lUta.] 
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„ Ttifirnoonjeter rending July 10, 74.4“; Julv 13 , 73,7 s ; Ju] T i.l 
r 1. D s ; July 1 6 , 73.3 D - July 17 , 72.3° , 7 ^ 

By July 18 we J 11 *lI obtained a sufficient number of reference photo¬ 
graphs, Dismantling of the instruments was commenced, and the 
packing was completed on July Si. IVe left Sobnl on July 22 
ienvmg the packing cases in the hands of Messrs. Nicola,/ and 
t urneiro to be forwarded at the earliest opportunity, and arrived 
at (Tr&enwioK on August 25, 

The observers w ish to record their obligations to Mr. Charles Booth 
and the officers of the Booth Line for facilitating their journeys to 
and from their station at a difficult time. 


I'iieraooa^rns taken with the «-ixch object olub. 

Ib. These photographs were taken on ID by 8 inch plates, Bv 
s tut ably mounting the camera it was made possible to obtain seven 
stare on the photographs, viz, Nos. 2, 3, 4, 5,0,10, ami 11 of the table 
in section fl. Of the eight photographs taken during the eclipse 
sevyti gave measurable images of these stars, the other plate (No. 6) 
taken through cloud only showing a picture of the prominences, 

IIjsIps of the emiie field taken under nearly smuliir conditions 
regards altitude were taken on July 14, 15, 17, and 18 (civil date). 
Of these photographs, the second taken on July 14 with two ex- 
pot-urea (referred to as 14,* anti 14,*,}, two photographs taken on 
July 15 (referred to as 15, and 15*}, two on July 17 (17, and 17 S ), 
and the second photograph on July 18 (18 a ) weremeasured for com¬ 
parison with the eclipse plates. 

17. Tiie micrometer nt the Royal Observatory is not suitable for 
the direct comparison of plates of this site. It was therefore decided 
to measure each plate by placing, film to film upon it. another pho¬ 
tograph of the same region reversed by being taken through the 
glass. A photograph for this purpose was taken on July IS. This 
olate >s regarded merely as an intermediary between ’the eclipse 
plates and comparison plates and is referred to as the scale plate, 
being used simply as a scale providing points of reference, In all 
cates measurement was made through the glass of the scale plate, 
adjusted on the eclipse or comparison plate which was being meas¬ 
ured, so that the separation of the images on the two plates did not 
exceed one-third of a millimeter. The plates were held together bv 
clips which insured contact over the whole surface. This method 
of measurement was found to be very convenient. Each plate was 
measured in two positions, being reversed through 180 s , and the 
accordance of the result showed that the method of measurement was 
entirely satisfactory. 
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The merasures, both direct end reversed, were made by two meas¬ 
urers (Mr. Davidson and Mr. Fumcr), and the means taken. 
Then? was no sensible different iwtwccn the measurers, which is 
satisfactory, as U affords evidence of the similarity of the images 
on the eclipse and comparison and scale plates^ 

The value of the micrometer screws (both in right ascension and 
declination) is 6^5", 

IS. The results of the measures arc as follows: 



Tilitc If.— EcUpMff platew— 
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10. The Tallies of D^r and Dy were equated to expressions of the 
form 

gb + &y 4-« + (= D.r) 

and 

+ / + *E* (= Dy), 

where ar T y are the coordinates of the stare given in Table I, and 
E„ E f are coefficients of the gravitational displacement. 

The quantities c and / are corrections to 5 Eero t depending on tin 1 
setting of the scale plate on the plate measured, a and e are differ¬ 
ences of scale value, while 6 and d depend mainly on the orientation 
of the two plates* The quantity a denotes the deflection ut unit dis¬ 
tance ( 1 , c.j 50" from the sirn-s center), bo that oE* and iE v are the 
deflection in right Ascension and declination* respectively* of a star 
whose coordinates are $ and =/. 

The left-hand sides of the equation for the seven stars shown are:_ 
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iTL Normal equations formed from these equations of condition 
arc as follow&r 


Tjjsi.e III ,—Edipte plates > right ascmMati. 



l* 

U. 

to. 

tv. 

V. 

Vt£ 

vm. 

+7.«Br+I.64H+I.-?f?fl+0. 33F*,_ 

+3.159 

+io*fl 

+U'fl 

4L40I 

+1IS5 

44 3W 

44«8 

him +aaas * 

-4 M3 

4ft W 

4Ih330 

4ft*» 

41.051 

4L«A1 

41-130 

hwi +isa* - 

+1.034 

4i-#» 

41.M* 

+ !-*« 

4 L4» 

4 LOTS 

41.7^ 

+3.143 - 

40,71-2 

4 am 

40 , 02 * 

+45» 

40-54* 

44 fl® 

44«71 

44-OTIb+LWfl *0.211.- 

-0.5:3 

44*79 

+4550 

. 443 ® 

+4 533 

40.^01 

+0,003 

4&«a -k-iiTo - 

+4*53 

4431 s 

4 LOOT 

+4«1 

+4 m 

+L 1*0 

1 +LOti 

+3,433 - 

! 4ft-a+i 

44Szs 

44*30 

4ft 7H 

+4771 

+4 *3$ 

1 +4 m 

4-IIK5l+130e ( r- 

4 * 70? 

44 «a 

+4533 

44711 

44715 

-‘-ft E7| 

45, MS, 

+ 3,114 - 

44X«Q 

+asM 

+47M 

44 70S 

4ft 7® 

4ft 7&5 

+4455 

+tJ43tr- 

+aiai j 

44 «i 

+4133 

44 IS . 

+4 IB 

4ft0fl0 

+Q.m 

*- 

44090 , 

44130 j 

44107 

4 A 14? 

44 1*0 

4407J 

+CL 1*5 


+415S 

+417* 

4ft ISO j 

44 137 

4412S 

44 m , 

+4 IDO 

1- 

—0.310 

— 0,ftlt 

440*9 

+0.007 

1 4013 

4ft00fi 

+4013 
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| l+*+ 

14* 


j i*. 

i-+ 


+7,0f*t + J.S m +L7E7IS +0,3361*- 

+^1*0 

+AW4 

+L«J 

, +ftati 

| 41. 211 

■p-ft-usi 

! 

I t ft Hi> 

+4 6*1 +3-ffift +0.JJS 

4ft 7® 

i +401? 

+40» 

+0-073 

-ft WO 

+4 m 

40.0^2 

H-4.HW +2.135- - 

+40*1 

| 4ft s» 

+0U« 

+4071 

j -ft 173 

I f£h ISO 

i-a»M | 

+ftt« - 

+ft:K3 

40. Ift 


j +ft®7 

! -ftiw 

+§, m 

+ft<M l | 

+4.S716 +J.6#a: +tLlsi*,# 

+4JL4I.M 

f -ftOW 

+4040 

1 +4UJT 

1 -ft 637 

-i-ftorrj 

1 +ftEH6 

+&ITH _ 

4ft 

| -hmt; 

44121 

+ft nifi 

-a 4Si 

h a ]» 


+ MSIi *. 

+-Ql2!^ 

+4 147 

-ftflFn 

4ft GM 

-0.305 

4fttfN 

+0.036 

+19!«a +3LMfio- 

-Ml 173 , 

+ 01M 

^ftl® 

+4007 j 

-am 

+0.EEB 

+0,098 

+ft its — 

+ftl® 

+o. ua 

-ft nil 


-ftWtf 

+ftOM 

+ftcm 1 

+LMfc- 

+ft0£2 

40.030 

-ft DIO 

+e,oaj 

+ftC0i 

4ft«» 

4-aoEd 

a h» 

4ft M3 

+HS.CEI 

-ftow 

+4011 

4ft (W 

+ft«B 

4ft MS 

*"i 

+0.021 

4ft OH 

-ft 030 

-ft oia 

—ft OH : 

+ftan; 

+ftOn; 

J 

+9-ON6 

-0.030 ! 

4ft iw 

1 

+oota 

—ft UK 1 

+ft Cfli 

+4L03O 


Table V.^fJeUfxc plain, degUmtton, 



i. 

«- 

UH 

nr. 

V. 

Vtt- 

Sill. 

+“Ooqr 4i,7TE7rf +l J (S07f +1316*- 

+ft«® 

: +L337 

| +L6441 

+i.*re 

4t.3» 

41# TU 

+ I.HK t 

+tOM +ftO» +LS» - 

+3.a» 

+i- ifi* 

+ Or Till 

1 4ftKE3 

+CL555 

+ftSU> 

+ftMO 

+4664 +im - 

41■SM 

4LI» 

+LW 

+ft Wl 

! +ft m 

4L003 

41, IK 

+fi.7M - 

+i«7 

4h6S| 

41.533 

+L»1 

+1.333 

| 4lrS*ft 

4L7TFT 

+&a£W+l.lW¥ +a»ia- 

' +1.JW) 

' +ft 677 

+0L3TO 

+<1453 

4ft Ml 

4ft ITS 

40.14 

44.J7I +J.Krt - 

+ftSS9 

4ft 105 

4ft TIB 

4ft MO 

4ft 54* 

+ftill 

+ft ?ll | 

+«SJ - 

4ft DQQ 

+ft 763 

4ft7« 

+ft fl-73 

4ft #7? 

+ft7Jl 

4ftfcH ! 

+ft5QSr +2.03*-. 

+D14® 

40. aw 

+ft «a 

4ft43| , 

+ft 4S3 

1 4ftOT , 

+ftp£P» j 

4ftWI -* 

401563 

+ft«a 

40-e^ 

+ft to* 

4ft 623 

4ft OM 

4ft7tlT | 

+£2H*« 

4ft 370 

+aa» 

4ft3W | 

+ai+; 1 

+ftius 

+ft*rt 

+ft»3 

a — 

+ftl» 

+ft JL3y 

4 ftlll 

4ft III 

4ft 137 

4ft LW 

+ftl* 

* - 


40.015 

4ft OM 

+ftfr§3 

+0.001 

+ftO» 

ft-ftoTn j 

. 

+ft 39 

+ftHt 

4ft 009 

4ft 074 , 

4 ft Orel 

-ft 010 

4ftCBA 


12573 *— 21 - 11 
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Tahix VI,—Ci?mpan\t0tt plate*, dct'tinaiian. 



Ufc. 

14* 

13,. 

15* 

Hi- 

17*. 

Ifc 

+7.mf +L 7*31 +LWT( +8*3lte - 

44 0* 

44esi 

44 W 

443*1 

+ L»I 

44 7M 

+4SM 

440H +3.CHI -i-LfNO - 

! +40*0 

44130 

-0,15* 

+4 ltd- 

+ L<U& 

4400 

4447* 

4M<H + 5.SN - 

! 44303 

+4M 


—4117 

44535 

—4 110 

44123 

4470 - 

443S0 

44 

+4230 

440M 

+ M»t 

+43W1 

4407 

4l r fl*& 4495*-- 

-a«H 

44i r il 

-4103 

44053 

44 If» 

+4 |5i 

+42M 

+4.m +±m ~ 

+ 4M* 

+4337 

-4«1 

-4 m 

44 1 

-43» 

-4**l 

+4,3tf . 

44 3SS 

44IIK? 

-42*7 

-4 113 

44 133 

-4D00 


S* +141Ai- 

+4 m 

44 133 


-43M 

-4 m 

—4210 

-CL3J1 

+4*tt « 

40,1*3 

44 100 

! -4137 

-ff.L-a 

-ama 

-401S 

-4053 

+1.234- - 

44fflP 

+4015 

+CL(Hfl 

44033 

+4 m 

4 a m 

44013 

ft — 

44*0 

441*7 

44tfiU 

44030 

■muho 

44*0 

4403* 

* - 

44 fflM 

44030 

-4fW& 

-40CO 

-4077 

-4 301 

-4« 

J - 

-4D» 

4405-1 


+4&+1 

+417W 

-4010 

*1 MH 


SL Tb& values of 2 nr? collected in Tiibk VII: 


‘Tabus vjl 


Blgbl a^m3s\m. 

TMImi Mm- 

j>ll|un --.jriir. 

C«ptri- 
®n*—kate. 

Er|fri«— 

scak. 

ffHHpftTf - 

r 

f 

f 

t 

+4 m 

+ CUH1 

44 IU 

+4*0 

4413* 

+4«M 

+4 m 

+4*07 

44 107 

-4014 : 

44111 

44 «3 

+4 ns 

+4013 

+ 4111 

+4030 

44ife 

+4451 

44137 

440+0 

+4*^ 

+4(01 

+4 its 

44000 

44 IU 

44 0M 

44131 

4403* 

iluta +4 130 

+40lj 

+4121 

+4031 


By siibMnidiwi the j of thu comparison plates the scale pints is 
eliminated, ami we derive from right ascensions 2t=+().i05' nnrl from 
declinations «=-f-O.O0S , ‘, 

Reference to the normal equations shows that ilia declination re* 
still is of double the weight of that from the right ascensions. 

Thus 

s= +0.iOt/= +0.025". 

This is at a distance 50' from the sun's center. At the time of the 
eclipse the sun's radios was 15.8'; thus the deflection at the limb 
is 1.98". 

The range in the values of a is attributable to the errors inherent 
to the star images of the different plates, and can not be reduced by 
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further measurement. The mean values 'f-O.OlS' and 0.031' arise 
from the errors in the intermediary scale plate. 

The probable error of the result judging from the accordance 
of the separate determ mat ions is about 0 per cent. Tt is desirable to 
consider carefully the possibility of systematic error. The eclipse 
and comparison photographs were taken under precisely similar in¬ 
strumental conditions, but there is the difference that the eclipse 
photographs were taken on the day of May 2$, and the comparison 
photographs on nights between July 14 and July 18. A very satis¬ 
factory feature of the photographs is the essential similarity of the 
stur on the two set® of photographs. 

The satisfactory accordance of the eclipse and comparison plates 
is shown by a study of the plate constants. The following coirec- 
turns for differential refraction and aberration are calculated from 
the times and dates of exposure 


MLp« pW™., ■ - . 
Sfab pli[«^ T . T ., _ 

rranp&fiirti 

If*. 

1*™.- 

^ . 

. 


t 

4ft 2+3 

+ -m 

4 .«& 
+ 

+ .»W5 
4 .370 
+ -» 
4 .337 
f P SS? 


40LIOS 
4 +507 
4 .307 
+ -JW 
4 .3C7 

4 .203 
4 -2*7 

4 .arc 
-i- .MS 


-ML-ns 

+ .TOfi 

4 -Ml 
4 ,rm 
4 *«7 
4 .0*7 
4 rWl 
4 .077 
4 r 071 


+0.0*3 
4 *1591 
4 .001 
4 iOM 

+ -QSi 
4 .087 

+ *m 

+ .177 

4 *m 


Wlieii these are applied to the values of the constants found from 
the normal equations we find the following values of the settle of the 
several photographs and their orientation relative to the scale plate: 



Ikib Tilne. 

OriBlil(4U 

A4nfTtp#| 

1 ■'0*4* mud 
tnUon. 

0 

7km x. 

FffttMi. 

From r* 

From y. 

retro 1 

s 

Mips* r.... 

f 

-clwj 

t 

—ft Old 

F 

-ft 237 

T 

1 -a 345 

r 

O.DOO 

r 

-0-351 

n ... 

- *EW 

- ,0M 

— .«ft 

- + 1W 

tu 

— ,orft 

m. .. 

+ 

+ ,051 

+ .OH 

+ .05ft 

a. ooo 

4 ,030 

nfc —.. 

- .334 

4 .<*H 

- 

- .Otf 

ftoao 

— .011 

V 

— .065 

- >Q0i 

4-OOft 

4 *E5I 

a r ooa 

4 -m 

vn_ , ... . 

4 -MO 

4 

4 *(BZ 

4 .»» 

fl.fluo 

4 -raj 

Vttt„„. . , 

- *014 

4 .091 

4 -DOS 

4 .ft® 

o.ow 

4 .007 

Camp^moo 14^, , „ .. 

4 . 0JQ 

4 *004 

4 .«J 

4,cnj 

+ft 013 

4 -M7 

i 4ji- - ■ t + 4 *ri...rn 

4 -9L# 

+ .030 

-. m 

- -Wfl 

4 .013 

- .042 

'"***»■ T- r r - - r 

- *<P| 

- .fi&S 

4 + 1« 

+ *Q» 

- »0H 

4 * 130 

. 

-* * DM 


4 *0» 

- .fflft 

* p.014 

- *ftli 

. 

- - lift 

- -07T 

- .Ill 

- . 174 

- .0*1 

— .145 

— *. 

- . 073 ■ 

- ,109 

4 .0® 

4 +039 

- ,CM 

4 .ftift 

v+ -*» . ™.| 

- *0BCJ 

- ,«7 

“ *014 

— .07* 

- ««| 

- .04+ 
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The agreement in the scale values obtained from a* and y is satis¬ 
factory, There appears to be a small difference in the orientations 
as derived from the two directions in the comparison plates. This 
is. however, of small importance in the determination of a. There 
is n difference of scale value from July 15-18 shown in both coordi¬ 
nates. For the purpose of exhibiting the gravitational displace¬ 
ments residuals have been computed using adopted values for the 
scale and orientation given above along with the calculated correc¬ 
tions for differential refraction and aberration. This lisa the ad¬ 
vantage of reducing the numher of constants employed in the reduc¬ 
tion of the plates and lessens the possibility of masking any dis¬ 
cordances, though greater irregularities necessarily appear when four 
arbitrary constants instead of six are used in the reduction of each 
plate. The quantities are converted from revolutions to seconds of 
arc, as the more familiar unit facilitates judgment of the results. 


Table TOT.—Comparison t>{ the Eclipse and comparison photographs irtf* the 
trait plate after correction for differential refractim and aberration, trim, 
tat ion, imrf change uf xrttte, 

Er.UFSF. PLATES, J«nBT ASCENfllOS. 


JUl, Cifitat. 

L 

IL 

m. 

IV. 

V. 

VTL 

vm. 

Usui. 

II-,. 

j. . ... . e . M4H-I 1 + + + + * 

*._ _ _ 

44 

- .44 

+ -as 

— ,3 

j* 

-Ofll 

— .51 

4.11 

— -11 

4 .S3 

+ kOG 

41, M 

i ” 

- *ifl 

- .tt 

- .19 

“ .QD 

4.H 

H 

-0.07 

- .11 
fUC, 

» 

—ft 04 

- H ert 

— ■ ii 

pi 

-A 73 

p3« 

o 

-0*3 
- .fi? 

-0,34 

- e*| 

t... 


— Jl 

— *93 

4 .11 

4 *14 
4 ,«f 

— .Si , 

- .00 

ft.__ 

_ ji 

— u I 

_ 1 1 

_ 

™ rU-S 

_ ii 

- .as 


m... 

4 .17 

4 . 

™ r 1 4s 

** ID 

“ ■ 1J 

_ ii 

*® 

— ,4B 

t. .. 

+LW 

4I*W 

fell 

+ 101 

— .01 

41 -10 

4 .tt 
4L« 


FA'LI FEE PLATFJJ, ttKCMSATIOtf. 


ML« 

S..,, 


IB. 

3., 


0 .® 

- .sa 
+4 to 

4L42 
4 *M 
4- *m 
4 .01 


- ,m 

- 

+Lm 

44W 

4 

-i- -« 
+ .» 


-Ada 

- .41 
Hffl 

+ s,sn 

+L0I 

4L« 

— .« 


+o,m 

- ,30 

+ .Vi 
+ Llt 

4- -97 

+ l51 

- .& 


+ 017 
“ .» 
-M-lt 
41.50 
4 r7l 
4 r STi 
- + ttl 


40lfl 
“ .75 
4413 
+ L IB 
+ ,tt 
4 

- .11 


+Oflt 

- .FI 

4L3I 

4L4 

+MH 

4 .71 

— p 17 


40« 

- 

+I.U 

4L« 

4 .m 

4*M 

- .11 


rOMPARISOtt plates, iu^ht AfiCE^IOtf. 



14*- 

14*. 

I4p 

LV 

IT,* 

17s, 

IV 


ii—.. .. 

i,. . . . 

pr 

-ttf 

- *C3 

u , ni 

Pf 

—0.34 

4 ,1(1 
4 .da 

-053 

- .» 

- .at 
4 .35 | 

“fl-B 

j-4 _ i 

H 

4 A J| 

tt 

-9.15 

H- 

-aee 

pp- 

-B.I4 

i.. . 

4 .OS 

■- *3t 

_ jvi 

- -35 


-.B 

i T . . 

4 *14 

4 .as 

4 *» 
- .1* 
-.«! 

4.1* 

4 . JD 
4 .on 

4 .tft 

+ .« 

™ .04 

. j n 

4 , XI 

4.as. 

4 ,03 

s. . . . „„J 

4 .30- 

4 . U 
4 . |3 

- .fti 

4 -31 

- .01 

4 .11 

so . .***e ;.,*„... 

3.***., . . ,-J 

4 .17 

4 .31 

4 

— .Tfl 

4 .0$ 

- , HQ 

4 

4 ,|4 
4.13 

-.m 

4 ^07 

4 .11 

4 *tt 
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Tahos \ IIL— C&mparkm q/ U\t Bdlfite **ui <* mpar**#* ithijitj&ftiufta, etc.—Con 
com turnon vuwrm p pzcu#Antis. 


II™..„..*,. 

4 . 

5. 

m™.. 


-ace 

40,00 

-aa 

‘ -aw 

• -dL^ft 

-0.3.4 

- .33 

— .ta 

+ *« 

.4ta 

- . I» 

+ .oa 

4 .n 

+ 

4 -29 

4 .IK 

4 -41 

4 ,53 , 

+ .SI , 

4 .41 

4 ,n 

+ jM 

4 .4* 

4 .GO 

+ .»' 

4 ,30 

4 .33 

+ ,$5 

4 ,41 

4 + W 

4- .3 

4 .32 

4 - SI 

4 -M 

4 . M 

4 .H 

4 .51 

4 .31 

4 . lb 

4 .31 

4 -ai 

- .Ill 


-ft Id 
- .30 
+ *3 
+ *54 

+ .n 

4 .211 
4 >3T 


-ft 13 
- .TO 

+ ^3 
4 . IV 
4 .Id 
4 ,50 

4 


.^ ±v JwulLi5 ui uum^urihon pnues so as to eliminate 

tlie errors arising from the intermediary scale pkte we find for the 
ciisplaccmente of tba different stars, as compared with those as given 
by Einstein's theory, with value 1.75" at the sue rs limb: 


No. bfi^r. 

fa righ| 
KSCehaIi , *i , 

OltpfiHeifeHL^ in 
diieilbJitkifL 


mMcnri*!, 

CnkiiimraJ 

OlastfvnE. 

Cikolniad. 

II,. 

#P ' ! 

-a is 

r« 

-(Lft 

0 P 

4a 3* 

if 

4ft W 


- *39 

- ;ai 

- .41 

, - - 43 

. 

- .11 

“ .IS 

4 .S3 

4.7* 

3™. 

- ,ta> 

- *13 

+I*H3 

4 .IT 

0 - , ... .... 

- .19 

4- .04 

4 .3? 

4 .40 

ID.__ 

- ,W 

4 -«* 

4 -15 

4 . 33 

. . 

4 

4 .S5 

- .37 

« ,IW 


nrbe iJeh iff Lh 4 * .iLf|ila<-L-ra< "I la rttm ajU^iudQH of No, 0 wna ^j-Eict.-d In Phi lo^b tul 
TraiiMrtJianji of tin- ZfajiI Sodet* of London 4.1 + _ TMi nod wctjiI oHwf tjrpocrmpbL- 
errors iEndly point*! out bj I 4 oll Bunai; tarn* Iran wtrtffrft | 

PfiOTOOHArHS TAKEN WITH THE jiSTHOORAPH'lC OHJECT ULANS, 

2^. As stated above, these photograph were taken with the astro- 
graplue object glass stopped down to 8 inches, mounted in a steal 
tube and fed by a 10-inch raiostat* From many years’ experience 
with the object glass at Greenwich it is certain tiiat when the object 
^ mounted in a steel tube the change of scale over a range of 
temperature of IU D F k should be insignificant, and the definition 
shntild lie very good. It was realized that this high standard would 
not be obtained with the glass used in conjunction with the ccelostat 
taken to Brazil, but nevertheless the results shown when the plated 
were developed were very disappoint!tig. The images were diffused 
nnd apparently out of focus* although on the night of May 27 the 
focus was good* Worse still, this change was temporary* for with- 


■Tbi^ follow! e»t n.:iIr mad*- *t the tlOM ll quoted. In lull ■ M F 3 n, «.. four of it>e 

“■"IroEmijIil," plain wor^ tfr Tripod. and wh®n lIpjf cjciimliiFii, It »*■ found rim l bid 

l> ™ a. irTSuujf tfbftng* of foftu, w UiAt, wJiHe !b<? slnr* wero ula&wn. ib« tiffin) Lion iru 
■poOed. TJil* change uf fora* HU oftlf t?9 UbUmN la I Ex-? uarquaE fjEpLBUjloo ur lb# 
PnSrmr though tb? mm'w heat. Ten- mftlftfliof the focBaafnc ►raJ.- irrcp ebi*fc«d D nt day, 
»u.i mvr* fonaij cusaltantf at 11.0 cUIUmetert. It w*ina doubtful vbtdKr piudi e*n ipj| 
J + '-'iU Uiv&g pEdttjL** 
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out any change in the adjustments, the instrument had returned to 
tcmis when the comparison plates were taken in July* 

These changes must be attributed to the effect of the sun s heat on 
the mirror, but it is difficult to say whether this caused a real change 
of scale in the resulting photographs or merely blurred the images* 
The photographs wera measured in the astrogruphie duplex mi¬ 
crometer. the eclipse photographs being directly compared with the 
comparison plates taken in July, All the stars shown were measured. 
They were reduced by the same method as that employed for the 
u 4-inch * photographs. With the exception of plates Nos, 15 and 16, 
taken through clouds, the slats numbered 3, 4, 5. 6, 10 T II, and 12 
nr? shown on all the plates? the fainter stars 2, 7, 8, and 6 are some- 
limes shown, but No. 1, which is very near the sun, is always drowned 
in the corona- These plates were only measured in declination, as 
the right ascensions without No. 1 arc of little weight. 

24, In the following table is given the value of a, the constant of 
the gravitational displacement* as calculated from the measures; 
the apparent difference of scale a between the eclipse and comparison 
plated; the difference of orientation of the plates given by the 
measures of y and depending on the adjustment of the plates m the 
measuring machine. 

Taeej: IX. 


Nfl 1 Of pel; Jir.41 JiSlIBf. 

RjitaYfrOfl 
Ntk Q 1 

raropui.'im 

fMlIr, 

>."umhef *£ 

V&lLifti q| d„ t t m us ivjqtafHi 

3ft Hsuluol 

■ Wt 

PUji'i l|mh 


i 

r. 

D. 

mart 

r i 



r 

r 

r 

fp 
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-hues 

+ S,3fi 

** - 
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Thus the mean value of a obtained frnm all the astregrapliie plates 
is (1.86", a iigure considerably less than that obtained from the 4-indi 
photographs. 

25. Reference to the diagram shows that the measurement of dis¬ 
placement depends essential !y on the position of the stars Nos. 8 
and 4 relative to 5 on one side and 6 and 10 on the other. These are 
id I bright stare, and in this respect their images are more comparable 
than are the images of the fainter stars. The measures of these stare 
are given in the following table: 


No Of 
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The equations given by these stare are: 

—0.1 GO d— 1.107e—0,789a+/= Dy, (1) 

Dy t (2) 

+0.348i/+U.3fl0c+ 1 J74a+f=%, l 9 ) 

+D.S&7rf+ l.!>09*+0.T2Ga+/=l>y s {4> 

+O.S60rf+1 M lc+0.589a +/= % 1B (5) 

The mean of (4) and (5) added to (1) gives 


-H).&G4f/+0.103*-6,1313+2/= % 6 +i < Dy *+ %»,) ■ 
While tlio sum of (2) and (3) gives 

+0.682^+0,8?^ +2$l0i+2/= Dy.+Dy,. 


Subtracting these re get 

3,<MIa+O.72flr+0.11 Sd= Dy a +l>y*-Dy— j (Py.+Ity,,) ■ 

This equation has » small coefficient for anti a very ^mall one 
for d. 

Calculating the qnkntities on the right-hand side, assutning t to 
be the sumo for all the plates, and substituting the values of <i from 


the previous table, we find: 
r 

■+0240®—+0JK6 - 1 

n +0.2Wi —+©.<H0 - 2 

a+02400=^+C.CHT- . , ,_3 

a +0J240C— +O.OOU -4 

Q+t)gitf=+0.050 — r, 
*+o.a»e=+aono. .w 

o+0^-10c= +0.030 - 7 

□ +0J40e—+OOKJ- _8 


r 

n +0J>4ty=+0.O3-^-.. 0 

* +0.210-- = + l 0.M8-10 

a+O^-MSe—+OXMJ,-n 

a+0.240S=+0.050,-.. 12 
«+OJ233*= +U.0titj-—1' 
«+0,24ty^+O.CG4.- T _10 

* +0.240C = +0.023-tT 

»+t)^40c= +0020-13 
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iti photograph No, lit, star 1<> is not shown, und the equation is 
slightly modified. It may also lie noticed that the values are some¬ 
what smaller for Nos. 15 to IS. 

Hie means of the 1C photographs treated in this manner give 

«+243(S=+0.043.V. 

or with the value of the scale i).082 r from the previous table 
a=-H).024r=6A3" at the limb. 

It may be noticed that the change of scale arising from differences 
of refraction and aberration is 0.020 r . If this value of e be taken 
instead of 0.082^ we obtain 

a=-MbQ39 r =+l.i)2" at the sunn limb. 

The equations on page 155 were also solved by least squares for each 
plate. There is a considerable range in the deduced values of a, as Is 
to be expected when i arid <? are determined independently for each 
plate. The mean result for a is 0.1)9", or very nearly the same as that 
already found. 

The photographs taken with the nstrographic telescope support 
those obtained hy the “ 1-inch ” to the extent that they show con* 
vide ruble outward deflection, but for the reasons already given are of 
much less weight. 

IV. THE EXPEDITION TO PRINCIPE. 

1Observant, pfvt A- S. Eddington und Mr. E. T. Cvtttaj&ua] 

26. The expedition left Liverpool on the Anadm on March 8. and 
traveled in company with the Sobrol expedition us far us Madeira. 
It was necessary to wail there until April 9, when the journey wns 
continued on the Portugal, belonging to the Companhia National dc 
Xavegiii.'uo, The expedition landed at the small port of San Antonio 
in the Isle of Principe on April 23. 

Vice Admiral Campos Kudrigues and Dr. F. Onm of the National 
Observatory, Lisbon, had kindly given us introductions, and every¬ 
thing possible was done by those on the island for the success of the 
work and the comfort of the observers. Wn were met on board by 
the acting administrator Sr. Vascono'Ios, Sr. Caraeiro, president of 
the Association of Planters, and Sr. Gmgeira, representing the 
Sociedade d’Agricultura Colonial, who made all necessary arrange 
ments. The Portuguese Government dispensed with anv customs 
oxiLiniimtion of tlie buggoge* 

21, Principe is a small island thonging to Portugal, trituatad 
north of the equator in the Gulf of Guinea, about 120 miles from 
the African coast. The extreme length and breadth are '* ” 
miles and e miles. Near the center mountains rise to a 
2,500 feel, width generally attract heavy mosses of cloud 


about II) 

height of 

* Except 
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for a Lertnin amount of virgin forest, the island in covered with 
'■lico plantations. The rfiraate is very moist, but not unhealthy. 
I he vegetation is luxuriant, and the scenery is extremely beautiful. 
Wq arrived near the end of tho rainy season, but the gramma, n dry 
wind, set in about May 10, and from then onwards no rain fell &x- 
cqpt on the morning of the eclipse. 

We were advised that the prospects of dear sky at the end of May 
were not vary good, hut that the best chancre was on the north md 
west of the island. After inspecting two other sites on the property 
of the Sodedade d’Agriculiiij* Colonial, we fixed on Eo^a Sundy* 
the headquarters of Sr. Oamdro's chief plantation. We were St. 
Cameinfe guests during our whole visit* and used freely his ample 
resources of labor and materia] at Sundy. Wq learned later that he 
Iiad postponed a visit to Europe in order to entertain us. We were 
also greatly indebted to hi* manager at Sundy, Sr. Atalava, with 
whom we Jived for five weeks; his hdp and attention were invaluable. 
Mr. Wright and Mr. Lewis of the cable station kindly assisted us 
fts interpreters when necessary. 

Sundy is situated in the northwest of the island overlooking the 
sea at a height of 500 feet, and as far as possible from the clouds 
gathering peaks. Our telescope was erected in a small walled in- 
closure adjoining the house t from which the ground sloped steeply 
down to the sea in the direction of the sun tit eclipse. On the other 
side it was sheltered by a building. The approximate position was 
latitude l a 40' N., longitude 23hm 32s. E. 

28. The baggage was brought to Sundy on April 2S mainly by 
irum, but with a break of about n kilometer, where it had to 
trans|>orted through the woods by native carrier. After a week 
spent on the preparations, we returned to Sail Antonio for the week 
ibiy 0-13, a_s it wns undesirable to unpack the mirror so early in 
the damp climate. On mir return to Sundy the installation and 
ntlju^tmunts were soon completed* and the first check plates were 
taken on May 16. Meanwhile the gravona had begun* which, al¬ 
though there is no ruin, is generally accompanied by increased dou<ls. 
There were, however* some days of dear sky, and the nights were 
usually clear* 

Tim cado*tat was mounted on a stone pier built for the purpose. 
The clock weight fell into a pit belutv the clock deep enough to 
allow a run of 36 minutes without rewinding. Care was taken to 
tise a particular part of the ccelostat sector, considered to be the 
most perfect, in photographing the eclipse anil the check field. The 
telescope (Oxford ustrographie oh]eel glass, see p. 1ST) rested on 
wooden Vs near the two ends, the Vs being supplied on packing 
cases; the one at the breech end could U moved laterally to allow 
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of different i lech nation sett i ups, and was mttrkeil with an appro*!* 
mate declination scale. A series of exposures of one second was 
made on a bright star to test whether there was any shake of tho 
telescope after inserting the platet no shake was detected, even when 
the exposure was made immediately; hut ns & safeguard for the 
eclipse photographs a full second was allowed to elapse before be¬ 
ginning the exposure. The exposure was made by moving 1 a card- 
Ijcard screen unconnected with the instrument- The telescope pointed 
slightly downward, and the tube was turned so as to give the right 
orientation to the plate, the lines of declination being 2® or 3° in¬ 
clined to the horizontal. A canvas screen was arranged to protect 
the tube and object gloss from the direct radiation of the sun. 

The adjustments call for little comment. In view of the purpose 
of the observations it was desirable to adjust the tilt of the object 
glass nod plate with special enre. It was also important that the 
setting on the Held should be nearly exact. The sun appeared on 
the eclipse day in suilkient time to allow of the setting being made 
by means of the solar image; but ummgements had been tested 
bv which the correct field would have been obtained if it had Lieeu 
cloudy up to totality/ The telescope was focused hy trial photo¬ 
graphs of stars, and owing to the uniform temperature of the island 
the focus was unchanged for day observations. 

The object gins* was stopped down to 3 inches for the eclipse photo¬ 
graphs and for all check and comparison photographs used in the 
reductions. 

20♦ The days preceding the eclipse were very cloudy* On the 
morning of May 29 there was a very heavy thunderstorm from about 
10 ji. jiu iu 1L30 a, m.—a remarkable occurrence at tint time of year. 
The sun then appeared for n few minutes*, but the clouds gathered 
again- About half an hour before totality the crescent sun was 
glimpsed occasionally, and by 1 J*5 it could he seen continuously 
through drifting clouds* The calculated time of totality waa froiii 
2 hours 13 minuted 5 seconds, to 2 hours IS minutes T seconds* 
Greenwich mean time. Exjjosures were made according to the pre¬ 
pared program, and 16 plates were obtained* Mr* Cottingharu gave 
the exposures and attended to the driving mechanism, and Professor 
Eddington changed tho dark slides. It appears from the results 
that the cloud must have tldnncd considerably during the third 
of totality, and some star images were shown on the later plates 
The cloudier plates give very fine photograph of a remarkable 
prominence, which was on the limb of the sun* 

A few minutes after totality the mu was in a perfectly clear atv 
Imt the clearance did nut last long. It seems likely that the break up 
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of the clouds was due to the eclipse itself, as it was noticed that 
the sky usually cleared at sunset. 

It had been intended to complete All the measurements of the 
photographs on the spot; but owing to a strike of the steamship 
company it was necessary to return by the first boat t if wo were not 
to be marooned on the island for several months. By the inter¬ 
vention of the administrator, berths, commandeered by the Portu¬ 
guese Government, were secured for us on the crowded steamer. Wo 
left Principe on June 12, and after transshipping at Lisbon reached 
Liverpool on July 14. 

30, The following is a list of the photographs, including the 
comparison photographs kindly taken for us by Mr. F, A. Bellamy 
at Oxford, before the instrument was dismounted. All the eclipse 
photographs are given though only W and X furnished results. Of 
the other series only the exposures actually used in the reductions 
are given. 


Lftf of plot**. 

Chert Field IH_ A. 14fc L 12m_ 4T*, dfclin*tk'n +20" JSff K 


RnlcfvtlilB. 

PW 

Dili 

L«*1 tldom] 

1 E*JW- 

Wfr 


(rt-er. 

That- 


a,. . 


ini. 

}*Jh 14 
17 

IT 

IT 

23 

A. -- *- 

U Ji 16 

U m 4l j 

13 $€ K 

n 9 25 

Jj CJ » 

f. 

« 

30 

w 

flft 

w 

4 

35 

» 

Jl 

ii 

SB 

2ft, 64 

5ft, S3 
HLJS 

59LB 

10,49 

* 

IT. 9 
311 

ill 

241 

29. tl 

BL 

ft, 

ft. 

ft. 

J. 

4,..... 

C*. .. 

. r k 

4l... 

di3 tJ j. 

t\* . 

. ,.do., .. . 



Itaitraara. 

Flats. 

AIL 

Us^fBwti* 
m*an tsoir. 

F-ipfr 

■WL 

A nr 

HariiLO- 

Tb«- 

moystLrf. 

PW 

fi . . .... 

Frffldf*,. 

1P1& 
Mat XT 

A n . i. 

13 25 4ft 

$1 2Q 

j. 

4a 

40 

41 

In. 

Si 45 

21JL43 1 

742 

744 

B-U, 

S.H 



dn . 

B 

3J 

24 

12 37 50 

13 S HI 

12 as aa 

HD 

10 

4ft 

« 

43 

*2 

34*2 

3Bl4& 

»+i 

743 

7ft. 9 

149 

ft,B. 

M. 

»?.. 

.. do...... 

. .ilk.. 


Kcllp*- Flritl OL A, 4&+ Hta, VK iVcUjutkc +21* «*). 


*— 

Wtu*. 

DiC«. 

•t jm^l 

dcaA. 

_ 

fcipa- 

w 

e£«r- 

Hi#* 

buMuM** 

ruwn. 



Iftlft. 

9. n, i. 

f. 

* 

frl. 




UAbfil..., 

JeUI 16 

3 ££ 1 

3 

» 

B.U 

ifto 

ft. 

Clr, .. 

. iln . 

22 

4 * Aft 

4 

la 

|ii 3ft 

XL ft 

ft. 

H,. . 


2 

4 34 2& 

3 

3ft 


11.0 

a. 

t*..,. 


B 

4 44 *4 

19 

11 

14 3ft 

11. ft 

ft. 

*•-.™,. 


Fit, ft 

4 49 24 

1ft 

» 

1 

19,44 

Hi 

4 






























































160 ANNUAL ftEFUBT aSUTUSOSTlAK INSTITUTION, 1HU>. 


£iil «/ —CoutLmn&tl. 



PEirea 

lbta 

Greenwich 

E*P<>- 

td/ft. 

tTST 

hjtfnm. 

dor. 

TW- 

OJiOlWtrf. 

TUkto. 

K 1 .,,. -. Tf 

Hlaclpi' • 

1!K». 

Hay 27 

A*, *■ 

Z 11 ft 

L 

ft 

* 

« 

tot 

29.15 

* 

77. Q 

S E. 

L _ 


39 

2 13 2» 

10 

4ft 

SL11 

“0 

i?.B. 

U. .. 

. t .da. ■ . 

ft 

2 n m 

3 

4B 

2QL4A 

77 . ft 

S H. 

tf *„w-»-------- 

,i|rl »■»,,. 

a 

t H 1 

ft 

4ft 

i 2L4ft 

77-ft 

B. 

o,„. 

!. .-til*. B , - , r 

29 

1 14 *0 

10 

4ft 

21 4 5 

77,0 

S.3, 

V 

, _,4o-. 

» 

2 14 44 

1ft 

4ft 

24 4ft 

77,0 

a^. 

0_J 

ki.dllriTTii 

» 

3 15 ft 

5 

4ft 

! 29-4* 

77,0 

sa. 

B , r 

_i|a, , Jiai 

£9 

s is a* 

as 

4ft 

2145 

Tr.D 

5-E. 

Bl_xl.-- M- ■ 


33 

3 11 W 

l 

4ft 

2145 

H'.O 

SJ, 


L' r ,dn----- 

a 

2 1ft 13 

IB 

4ft 

2145 

77,0 ; 

E, 


. r% 4d'-> <-. t . 

» 

2 Ifl 37 

ID 

4ft 

1 2^45 

T7.U 

jJ.a, 

w.. ...... 


ai 

2 It 5ft 

ft 

44 

, 214ft 

77.0 


V-X-ljiMJrr-. 

. ..dn, 1T1P ; 

2ft 

2 IT L5 

ID 

4A 

20.45 

TThO i 

S. 

x ...... 

...do. _..J 

2ft 

3 n a 

3 

4ft 

&4fi 

77,0 

ff.FL 

.* 


2ft 

3 ir 47 

2 

4ft 

2A46 

77*0 

ri.H 

Z r ^...,.. 


» 

3 L» 1 

2 

4ft 

29.45 

77.0 

S-H. 


KOTE&. 

Column 1. The ltR^r la nurtHl on (be Grlrfiial trio to* ij preoairol at Cimbrl^ft DEi^rtt 
lor> 1 Tte number refers lu the eipman 1 , dlihtinilDl ci|H»iir« nktti wltliuat ibv 
B-InrH Mop, 

Co!umn ^ The coordiantee *f OifyrJ Otwfrrilirjf are tin, 3*. W,. 31“ -III' N_. ab,J of 
|b« site a( Print! pt, 26m, JSm, 1*, 1* 4G' N. 

tukunm A Thu mEd lluta&t of thu ei|fc0iur* K ikvt-a, Tables fur check platoa at 
l k rim;lpe were cmlj noted raujjblj, TEran fur the eclliwe pEitrm ire dedi^pil from the 
calculate llm* vt i&taljtj„ ib* Interval tram the end at one erpoiijnj to the begliinUijj of 
the nett bolfcipr nturned ttwIfoEm. 

Column 7. Riailtan at FrEnelpe were taken wilb an ttfiffald recurallnf irtHtramcnt, and 
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Column \}, Brand at E-, InjporLal SaTordien ; E, E., imperial Sp^Lal M*nnUifsu 

8C B.p Ilford EpHMdai ilflprd: E-, llfard Emprest Barked plate* wer* at Prlad^w, 

The large proportion of Ilford Special Rapid plates used at the 
eclipse was due to the fact that experience in developing the check 
plates showed that these suffered Jess than the others from, the high 
temperature of the water (78° F,}, Ice was generally available for 
the check plates through the kindness of Sr. Orageira;’hut the supply 
failed after the eclipse, and formalin was used to harden the iilnjs. 
Tins was unsatisfactory except for the Ilford Special Rapid plalcw, 
and so plates P, S. T, W were brought home undeveloped. The do. 
veloping at Principe was done at night, and the drying was acceler¬ 
ated hy use of alcohol. 

The use of an 8-inch stop in front of the object glass was suggested 
to us by Mr. Davidson, who showed that a great improvement of the 
imaged resulted ; it was originally intended, however, to use the full 
aperture for part of totality. Early measures of chuck plates made at 
Principe soon convinced us that the results from the full aperture 
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wen? greatly inferior* and we derided to rely entirely on the B -Inch 
aperture, 

THE CHECK. PUTES. 

SI. In addition to the eclipse field, a cheek field was photographed 
both ut Oxford and at Principe. The field chosen included A returns* 
so that it was easily found with the ccelostah Its declination was 
nearly the same as that of the eclipse field, and it was photographs! 
at the same altitude at Principe m order that any systematic errors 
due to imperfections of the cmlostnt mirror or other causes, might 
affect both sets of plates equally. The primary purpose was thus 
to check the possibility of systematic error arising from the different 
conditions of observation at Oxford and Principe, and from possible 
changes in the object glass during transit. Unlike the Sobral expe¬ 
dition 1 we were not able to take comparison photographs of the 
eclipse field at Principe* because for us the eclipse occurred m the 
afternoon, and jt would l>e many months before the field could he 
photographed in the same position in the sky before dawtn The 
check plates were therefore specially important for us* 

As events turned out the check plates were important for another 
purpose, viz, to determine the difference of scale at Oxford and 
Principe. As shown in the report of the Sobral expedition* it is not 
necessary to know the scale of the eclipse photographs, since the 
reductions can be arranged so as to eliminate the unknown scale. 
If, however, a trust worthy scale is known and used in the rodurtiomu 
the equations for the deflection have considerably greater weight* 
and the result depends on the measurement of a larger displacement. 
On surveying the meager material which the clouds permitted us to 
obtain, it was evident I hat we must adopt the latter course ; and 
accordingly the first step wius to obtain from the check plates a deter¬ 
mination of the scale of the Principe photographs. 

32. All the measures were made by Professor Eddington with the 
Cambridge measuring machine.® An Oxford and a Principe pi ate 
were placed film to film so that the images of corresponding stars 
nearly coincided—this was possible because the Oxford plates wera 
taken direct, and the Principe plates by reflection in the cmlostat 
mirror. 

The small differences Aa and Ay, in the sense Prince-Oxford, 
were then measured for each stnr + Eight settings were mads on 
each imaged for half of them the field was rotated through I s ^" by 
the reversion prism. Five pairs of plates were measured, and the 
measures are given in Table XT, 


■ Maattilt NrtLm p R. A. A, V®L l*Xl* P- Ht. 
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The unit for a? and y is 5 millimeters* ’which is approximately 
equal to 5\ The differences A?, Ay are given in units of the fifth 
place of decimals = The center of the plate is near ar — ML 

y = 1C 

Plato const ants were then calculated in the usual way, hy the 
formulae 

Atr =; as? -]- &y -j- c 
Ay = «iir + <?y + f 

These were applied, ami the residuals A^, A t y converted into arc 
are as follows: 
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DEFLECTION OF LIGHT—DYSON' AND OTHERS. 


iea 

Thi> mean residual without regard to sign is ± 021", from which 
the probable error of ci determination of Ay or Ay is + n»»" 

fiiav 7 h much the brightest. Stars 1, 6. It, 13 are rather bright. 
Sines 2, 4, 10 ( 12 (ire fainter am] more comfortable to measure. 
Stars 5 and £ arc very faint A returns is on the plates but is much 
too bright to measure. No measures have Iwen rejected. 

The determination of the deflection on the eclipse plates is based 
on the declinations (y), ami the Inst column of Table XII shows 
thut on the check plates the y comparisons are free from any serious 
systematic error. 

Star i is of part icy Jar interest; its position near the center of the 
field corresponds to that of * x Touri in the eclipse field, from 
which the greatest deflection is expected. Tlie images {which are 
not quite round) have the same characteristic shape. Further, the 
brightness of No. 7 corresponds with hut exaggerates the brightness 
of % l Tauri, which is the brightest star in the eclipse field. It is there- 
fore a valuable check to find that its systematic error in declination is 
insignificant compared with the displacement {of the order of Y'*) 
afterwords found for a, and ». Tauri. 

The systematic errors in right ascension are larger (probably 
through imperfect driving of the clock). They may affect the dis¬ 
placement indirectly through the orientation constant, but with 
much reduced effect. Allowing for this reduction in importance 
there appears to be nothing to trouble about. 

The primary purpose of the check plates is thus fulfilled. They 
show tlicit photographs of a check field of stars taken at Oxford and 
Principe show none of the displacements which are exhibited by the 
photographs of the eclipse field taken under precisely similar instru¬ 
mental conditions. The inference is that the displacements in the 
latter cose can only be attributed to presence of the eclipsed sun in 
the field. 

33. We turn now to the differences of scale between Oxford and 
Principe, which are given by the plate constants a, 6, d, e determined 
from the measures. As determined those include the effects of dif¬ 
ferential refraction and si her rat ion. The latter corrections were cal¬ 
culated for each plate by the usual formula and applied so as tn 
determine the corrected plate constants n f i b\ d', e? free from dif¬ 
ferent ini refraction and aberration, Due allowance was made for 
the change in the coefficient of refraction owing to the difference of 
barometer and temperature (about 40*) between Oxford and Prin¬ 
cipe, The results are as follows (in units of the fifth place of 
decimals): 
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Tiie sign of tha remits shows that tlie scale of the photographs is 
larger at Principe than at Oxford; in fact, the focus must have been 
set about lit millimeters farLker out (apart horn any change of 
length compensated by expansion of the photographic plates). As 
the error in focusing was probably not more than 0,5 millimeter, the 
greater part of this shift must be due to the focal length of the lens 
combination increasing with temperature more rapidly than the 
linear expansion of the glass. 

If the only difference were a change of focal length, we should 
have a r —t\ There is a fairly strong indication that e* is greater 
than r/ f Tbh? is no doubt due to a change in the definition caused by 
the ccek^uu mirror or by n shift of the object-glass lenses on the 
journey; and as it will presumably affect the eclipse plates in the 
Batne way. it is best to adopt the values of n* and u* as determined* 
rather than to take a mean* In so doing we shall at any rate not 
exaggerate the displacement* which depends mainly on the measures 
and is reduced by adopting too large a value of cV 

The difference V—d' merely gives the relative orientation of the 
two plates as placed face to face. The sum V-\-d f practically van¬ 
ish* - ns it should do. However, for consistency we adopt the small 
value found- 

From the internal dhscordances of our determination ol %' (the 
most important of these constants) the probable error of the mean 
is +2-L This, as shown litter, will cause n probable error of our 
linnl determination of the deflection, rer(need to the limb of the sun* 
of amount +0.14" affecting all detenuinatiom systematically. 
Errors in the oilier constants hove much sm idler influence. 

Tim teuton turn 

34. The edipse plates from K to S show no star images. After 
that the cloud lightened somewhat, and some images appear on the 

■ It thit Ki i* mSucwl tHit to * I*-™ loo imiui « -raise 

qI a'. 
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remaining plates. The sky was never Hear and mulling fainter 
than 5.& 1 " Ls shown. The cloud was variable in different parts of the 
plate, so that the brightness of the images varies erratically and the 
diffusion is also variable. 

In order to obtain results of any weight the stars ■! and 3 (*, and 
5L. Taiiri) t which theoretically should be strongly displaced, must Ins 
shown. They appear on all plates from T to Z, and being near the 
center of the field have good images* They arc relatively rather 
faint on plate U, but ah’ bright on the other plates. The appearance 
of the remaining stars is as follows; 

Flute T.—0 bright; 10 faint. 

Plate U-—a. 10 vet* bright; 11 foJflt 

Plate V.—& bright ; 1(1 fair. 

Plate W.— 6 , G good; 10 ilUTuwd. 

plate N-—5, 0, U good. 

Plate ¥.—S. 6, li faint, diffused; 12 very ftalnt. 

Plntu Z.—5, 0, 11 faint, diffused. 

The possibility of a determination of deflection practically depends 
on the appearance of star 5. The relative displacement of 5 anti 
3 is on Einstein's theory, 1,2" in the [/-coordinate. Further, the 
.'--measures of 5 are needed for a really good determination of the 
orientation. Star 11 can scarcely take its place. It is true that the 
relative displacement is then Q-S"; but the orientation affects (his 
will] a much larger factor, and the orientation is badly determined 
in tile absence of star 5. 

Accordingly plates W and X are the only on erf likely to give a 
trustworthy result. X is somewhat the better plate of the two. 1 ™ 
Measures have been made of the faint diffused images on, plates V 
and Z; hut, ns might have been expected, they nto hopelessly dis¬ 
cordant and can not lie reconciled by any adopted value of the de¬ 
flection. 1 

35. Wo give the measures of plates X and W in detail- Both com¬ 
parisons of X were measured at Principe a few days after the echpw- 
f’hte W, which was not developed until after the return of the 
expedition, was measured at Cambridge on August 


** Flute I hoe alio tit merit of 1 ebOrt MpOarar*. 9 salads. W<? ebeuli nsl»t™t tb* 
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renal J aria*. *tad glrlhfi th* franlti print'd above. rfo ebaope of any imporiane* *M 
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and aberration, 


12573’—21--.12 




166 ANNUAL REPORT SJCtXHSQVtAK ISoTITUTION, ISM S'. 

PLATE 

(1) C&mparitvH with Oxford plate G v —The differential refrac¬ 
tion for dll l lie eclipse plates is 

a = - 46.5, b, d = + e = —27.0, 

the differential aberration being /.em. 

For the comparison plate (t, 

a = —1fcl, />/f = +0 j } e = — 28JS. 

Hence for X— 

*= “2TA M= + T^i« = + 1-3. 

To these must be added the terms representing change of scale, 
determined from the check plates {Table XIII*) T viz. 

a = -f »L2, t, if = - 0,0, <? = + 37.3, 

Hence the whole difference X—*G t is given by 

fi — d - 6. rf — T, f r 6-0J ^ = 4" 88A 

The first stop is to take the measured differences Art, Ay, and take 
out the parts m + Jy T tf.c-J-ty T due to these terms, leaving the cor¬ 
rected differences A a y, 

A,lf and 4 x y contain (l) the Einstein displacement, if any and 
(2j the unknown relative orientation of the plates giving rise to 
terms of the form, Aj-— + 0y, Ay = — Oj*. These two part* could 
be separated by a least-squares solution, but in view of the poor 
quality of the material it seems better to adopt a method which 
keeps a letter check on possible discordances and shows more dearly 
what U happening. The Einstein displacement in a? m small, and 
we might perhaps neglect it altogether in determining G from the 
^measures* However, it is dear from preliminary trials that n 
displacement exists—whether the half or the full Einstein dis¬ 
placement. Hence if wc take out three-quarters of the full Einstein 
displacement (|E*) we divide the already slight effect by 4 3 and at 
the same time deal fairly between the two hypotheses.” The residuals 
A~r result 

From the equations Aj — c-\- Gy we determine by least squares 
the orientation 0 T which is found to be +16'h Removing the term 
163y we obtain the residuals A.jt. 

Turning to A,y ( we correct for the orientation by taking out the 
term —103^ leaving A^y. These values should agree for all the 
stars, except for the displacement and the accidental error. 

^malfcr th* dENrSju^nvpnl proTUloim!]j for * m fh?? Ur&r |* the i5 Lafilfira- 

liii’Qt nlLtraiVlj fcuBd fioca i ft, IT '« 1 
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Denoting the value of the displacement at 59' (or 10 i^enu-in- 
tervals) from the center of the sun by x, the y-displacements of 
tlie various stars will be H, where a, has the values tabulated below, 
He cun therefore obtain x, by solving by least-squares the equations 

V = f+**r 

The radius of the sun during the eclipse was 15,IB'. Hence the 
full Einstein displacement of 1.75" corresponds to 0.55" at 50' dis¬ 
tance. or, in our units of 0.003", *= 184. It is easily seen that the 
value is somewhere near this, and it is therefore easier anti more 
instructive to take out E, — 184$*, and determine the correction to x 
from the residuals A^y. We also remove the mean of A.y obtaining 
the final residuals. 

1 he normal Bjitatioiis corresponding to equations of condition 
residual— S/-fa, 5x 


are fnund to be 
whence 


5&/+2.88*x = — l 
2.8aa/+4.8S4x = -i-te 


3.23 Sx i_ -f-64, 

If. — -j-20. 

jVn increase of 20 on 134 «HTt*poildfl to an increase of <U9" on 
1.75". Hence the resulting deflection at the limb is 1.94." 

Since the full deflection is indicutcd we complete the results for j? 
by taking out the remaining JE,, obtaining and tlten tabulate 
the residuals from the mean values—5942. 

Tbe successive steps are shown below: 
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(2) CiHnparixoti frith Oxford plate H v —The reductions ore simi¬ 
lar anti are given in n rather more condensed form below. The 
theoretical plate constants are 

if— +3,8. 6j d= +8,3, ^ — +38.6, 
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The normal equations are 


whence 


BV+2L833* = +1 

S,83i/+LS33* =—105 

3.2M* — — 10fi, 
ix= -33. 


The corresponding deflection at the limb is 
l,75"-fcSl"=l .44." 


Plats W. 

All hough the exposure was only 10 seconds the images have jumped 
in right ascension, so that the appearance is dumb-bell shaped. They 
ore, however, symmetrical, so that fair measures of r can be made; 
the if measures on which the result chiefly depends are unaffected. 
Star 10 is very diffused in right ascension. 

(1) Comparison with Oxford plate /> r —Theoretical plate con¬ 
stants 
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Normal equations 
finance 


58/-f-3.423*= -l 
3,428/4-6.21?*= -62 

3.878*= —61 
8*= —21. 


I lento deflection at the limb is 


1,75"—Q.20"=1.W". 

(2) Comparison with Oxford Plate I.,- — -Tlieor etical plate con¬ 
stant » 

a— -j4.0, ft, f= +&B.8. 
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Normal equations 

51/4-3.428*= 4-2 

3.428/+5.2l8*= -24 


whence 


±678*= -25 
8*= -9. 


Hence deflection at the limb is 

l.-5"-O.O8"=t.07" 
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Plate U. 

Comparison with Oxford Plat*' K s .—Since Plot® l. shows some 
•fond iroutes it has been examined, although owing to the absence 
of star 8 the weight is small. The measures were made at Principe. 
Theoretical plate-constants 


(7=-J-2.8, t.rf=4-8.9, c = +37.7. 
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In this rase it is not possible to determine the orientation with 
sufficient accuracy from the .r-measures? the value here applied is un 
arbitrary preliminary value. We accordingly make u least-squares 
solution from both a?-and y* residua Is to determine the correction to 
the orientation, 40, as well as 5c. 2 f, and 4a. 

The result is 

50 = + 2 , 3 *= + 121 . 

This gives the deflection 2.90". 

The probable error is, however, ±037". so that the result is practi¬ 
cally worthier. Further, it is much more likely to he affected by 
systematic error than the previous results. 

The large probable error is partly tine to the large residuals which 
are greater than in the previous measures? in particular star 3 is 
undulv faint. If the same accuracy bad been obtained, the theo¬ 
retical weight would have Ixxm Half that of Plates W and X; 
but having regard to possible systematic error, probably a quarter 
weight would more nearly represent the true value. 

This determination is ignored in the subsequent discussion. 

SO. It is easy to calculate the effects of any errors in the adopted 
senlc, orientation, etc., on the Anal result (deflection at the limb). 
We give some illustrations. 

An error in the adopted scale of y of 10 units (in the fifth place of 
decimals) would lead to an error 0.63" in the result from either plate. 
Thus the probable error ±2.1 in the determination of <?' gives a 
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probable error ±0.14" in the final result: or. if we adopted the largest 
(rather discordant) value found for e r instead of the mean, w« 
should reduce the result by 0.52". 

As error of HI units in the orientation gives an error in the result 
of 0.45" for plate X. and 0.22" for plate W. Tt is therefore of less 
importance, and further it is not likely to he systematic. 

Errors in the measurement of -x only affect the result through the 
orientation. For plate X, a probable error of ±0.2(1" in the x- 
mensurcs would give mi error ±4.0 in the orientation, tern ling to an 
error ±0.18" in the result; whereas an error of the same magnitude 
in the y-measures gives directly an error ±0.35" in the result. For 
plate W, the probable error of ±0.20" in a gives an error ±3.5 in the 
orientation and ±0.08" in the result, compared with ±0,38" for 
similar inaccuracy in y. It is particularly fortunate that the ir-meas- 
u res are so uni m port ant for plate W, because, as already mentioned, 
the images trailed on that plate. 

Finally, it will lie remembered that in order not to commit our¬ 
selves to the Einstein hypothesis prematurely w neglected the correc¬ 
tion fE x in determining the orientation. Tills will make a difference 
of 0,029" in the results from plate W and 0.092" from plute X. The 
effect is that the deduced deflection needs to bit decreased, and the 
mean correction —9.06" should be applied to the mean result obtained 
or rather to make the adopted deflection for r consistent with tlio 
deduced value from y, the correction needed is —0.04". 

mscrssioN or the resvxts. 

37. The four determinations from the two eclipse plates are 

X-G _*.. l-M" 

X-n._ ___— 1 44" 

1 Y—D _ _____—- t. 53 ” 

W—I___- --— 1 « 7 " 
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They evidently a^re^ with Eiost^ins predicted value ■ 

The residuals'* in the separate comparisons reduced to arc are as 
follows. The do not appear to show any special popularities: 
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The average ^-residual is it 0.22", which gives a probable error for 
y of ±0.21" It is satisfactory that this agrees so nearly with the 
pitiable error (±0J2S") of the check plates, showing that the images 
are of about tbo same degree of difficulty and therefore presumably 
comparable* The probable error of is k ±IA2o", but we are not so 
much concerned with this* 

The weight of the detennination of Ik is about 3 (strictly for 
plate X and 2.87 for pkte W)* The probable error of k is therefore 
±0.12", which corresponds to a probable error of ±0.SS" in the 
final values of the deflection. 

As the four determinations Involve only two eclipse plates and 
are not wholly independent* and further small accidental errors may 
arise through in accurate determination of the orientation, the prob- 
able error of our mean result will be about itOJs", There is 
further the error of ±0*14" affecting all four results equally, arising 
from the determination of scale. Taking this into account, and in¬ 
cluding the small correction —0.04" previously mentioned, our result 
may 1 m* written 1.61" ±0-30"- 

It will Lna seen that the error deduced in this way from the residuals 
is considerably larger than at first seemed likely from the accordant 1 ® 
of the four results, Nevertheless the accuracy seems sufficient to 
give a fairly trustworthy continuation of Miiistaitfg theory, and to 
render the half-deflection at least very improbable. 

R8* It remains to consider the question of systematic error. The 
results obtained with a similar instrument at Sobml arc considered 
to he largely vitiated by systematic errors What ground then have 
we—-apart from the agreement with the far superior determination 
with the I-inch lens at Sobral—for thinking that the present Faults 
arc more trustworthy? 

Ai first sight everything is in favor of the Sobml astrogniphin 
plates. There arc 12 stars shown against 5, and the linages, though 
far from perfect, art' probably superior to the Principe images. The 
multiplicity of plates is less important, since it is mainly a question 
of systematic error* Against this must be sot the fact that the five 
stars shown on plates W and X include ull the most essential stars; 
stars S and ft give the extreme range of deflection* and there is no 
great unin in including extra stars which play a passive part. 
Further, the gain of nearly two extra magnitudes at Sobml must 
have meant over-exposure for the brighter stars, which happen to be 
the really important ones; and this would tend to accentuate system¬ 
atic errors, whiLt rendering the defects of the images less easily 
recognized by the measurer. Perhaps, therefore, the cloud was not 
so unkind to us after all. 

Another important difference is made by the use of the extraneous 
determination of scale for the Principe reductions* Granting its 
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validity, it reduces very considerably both accidental and systematic 
errors. The weight of the determination from the five stars with 
known scale is more than 50 per cent greater than the weight from 
the liJ slurs with unknown scale. Its effect as regards systematic 
error may be seen as follows. Knowing the scale, the greatest relative 
deflection to be measured amounts to 1.2" on Einstein’s theory; 
but if the scale is unknown and must be eliminated, this is reduced 
to 0,61'*. As we wish to distinguish between the full deflection 
and the half deflection, we must take hidf these quantities. Evidently 
with poor image; it is much more hopeful to look for a difference 
of 0.6" than for 0.3", It is, of course, impossible to assign 
any precise Jitnit to the possible systematic error in interpretation 
of the images by the measurer; but we feel fairly confident that tho 
former figure is well outside possibility. 

A check against systematic error in our discussion is provided by 
the check plates, as already shown. Its efficacy depends on the simi¬ 
larity of the images on the check plates anil eclipse plates at Principe. 
Both sets are fainter than the Oxford images with which they are 
compared, the former owing to the imperfect driving of the coalu- 
stat. which made it impossible to secure longer exposures, the latter 
owing to cloud. Both sets have a faint wing in declination, but this 
is separated by a slight gap from the true images, and, at least on 
the plates measured, the wing can be distinguished and ignored. The 
images on plates IV" and X ore not unduly diffused except for No. 
10 on plate W. Difference in quality ! jet ween the eclipse images and 
the Principe check images is not noticeable, and is certainly far 
less than the difference between the latter and the Oxford images; 
and, seeing that the latter comparison gives no systematic error in 
y, it seemsVair to assume that the comparison of the eclipse plate* is 
free from sv^tematic erf'OFi 

The writer must confess to a change of view with regard to the 
dcsirubilitv of using an extraneous determination of scale. In con¬ 
sidering the program it had seemed too risky a proceeding, and it 
was thought that a self-contained determination would receive more 
confidence But this opinion has been modified by the very special 
circumstances at Principe; and it is now difficult to sec that imy valid 
objection can be brought against the use of the scale. 

The temperature at Principe was remarkably uniform ami the 
extreme range probably did not exceed 4* during our vLsit-mclud- 
in«r duv and night, warm season and cold season. 1 he temperature 
renged generally frem 774° to 73F in Um miny season, and about 
t 0 colder m the cool gravanu. All the check plates and eclipse plates 
were taken within a degree of the same temperature, and there was, 
of couree no perceptible fall of temperature preceding totality. To 
avoid any alteration of scale in the daytime the telescope tube and 
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object glass were shaded from direct solar radiation by a canvas 
screen; but even this was scarcely necessary, for the elands before 
totality provided n £iill more efficient screen, and the feeble rays 
which penetrated could not have done any mischief, A heating: of 
the mirror by the stints rays could scarcely have produced a true 
tilieruiiun of scale though ii might have done harm by altering the 
definition; the cloud protected us from any trouble of this kind. At 
the Oxford end of the comparison the scale is evidently the same for 
both sets of plates, since they were both taken at night and inter¬ 
mingled as regards date. 

It thus appears that the check scale is legitimately applicable to 
the eclipse plates. But the method may not be so satisfactory at 
future eclipses* since the particular circumstances at Principe are not 
likely to be reproduced. As regards other sources of systematic 
error* our chief guaranty lies in the comparatively large amount of 
the deflection to bo measured, anil the test satisfied by the chock 
plates that photographs of another field under similar conditions 
show no deflectious comparable with those here found. 

V GBNEllAt, rONTTLtTSlONSt 

39. In summarising the results of the two expeditions, the great¬ 
est weight must be attached to those obtained with the 4-inch lens 
ut Sobrah from the superiority of the images and the larger scale 
of the photographs it was recognized that these would prove to be 
much the most trustworthy* Further* the agreement of the results 
derived indej>c»dently from the right ascensions and declinations* 
and the accordance of the residuals of the individual stars (p. 152) 
provides a more satisfactory check on the results than was possible 
for the other instruments. 

These plates gave— 

Fsvm ilceUiuii lijufl___ _ __ - - - - - __ L04* 

Frem rlgiit ascension*-^- ---- ..... _li. 08" 

The result from decimations is about twice the weight of that from 
right ascensions, so that the menu result is I.9s"* with a preliable 
error of about ±0.12"* 

The Prindjie ol nerval ions were generally interfered with by 
cloud. The unfavorable circumstances were, perhaps, partly compen¬ 
sated by the advantage of the extremely uniform tcrni>erntiire of the 
island. The deflection obtained was 1.81/* 

The probable error is about ±OjtU*\ so that the result has much 
less w eight than the preceding. 

Both of these point to the full deflection 1.75" of Finstein*s gen¬ 
eralized relativity theory* the Sbbr-al results definitely, and the Prin¬ 
cipe results prhnjjs with some uncertainty. There remain the Sobral 
Bstrugruphic plates, which gave the deflection OJJT^ discordant bv 
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an amount much beyond the limits of its accidental error. For the 
reasons already described at length nut much weight is attached to 
this determination. 

It has been assumed that the displacement is inversely propor¬ 
tional to the distance from the sun's center, since all theories agree on 
this, and, indeed, it seems clear from considerations of dimensions 
that a displacement, if due to gravitation, must follow this law. 
From the results with the 4-inch lens, some kind of test of the kw Is 
possible though it is necessarily only rough. The evidence is sum¬ 
marized in the following table and diagram, which show the radial 
displacement of the individual stars (mean from all the plates) 
plotted against the reciprocal of the distance from the center. Thu 
displacement according to Einstein’s theory is indicated by the heavy 
line, according to the Newtonian law by the dotted tine, and from 
these observations by the thin lino. 
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Thus the results of the expeditions to .Sohrnl and Principe can 
leave little doubt that a deflection of light takes place in the neighbor¬ 
hood of the sun and that it is of the amount demanded by Einsteins 
generalized theory of relativity, as attributable to the sun's gravita- 
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t ion a I field- But the observation iaof such interest that it will prob¬ 
ably be considered desirable to repeat it at future eclipses. The. 
unusually favorable conditions of the IftlD eclipse will not r<N ur. and 
U will be necessary to photograph fainter stars, and these will prob¬ 
ably be si,t a greater distance from the £un. This ran be done with 
such telescopes as the astrogmphk, with the object glass stopped 
down to s iiicheSj if photographs of the same high quality are ob- 
Uiiicd as in regular stellar work. It will probably be best to discard 
the use of ccdogtat mirrors. These are of great convenience for 
photographs of the corona and spectroscopic observations, but for 
work of precision of the high order required, it is undesirable to in¬ 
troduce complications, which can be avoided, Into the optical train. 
It would seem that some form of equatorial mounting (such as that 
employed in the eclipse expeditions of the Lick Observatory) Is de¬ 
sirable. 

In conclusion, it is a pleasure to record the great assistance given 
to the expeditions f rom many quarters. Inference has been made in 
the course of the paper to s*i me of these. Especial thanks a re due to 
the Brazilian {iovemment for the hospitality and facilities accorded 
to the observers in SobnL They were made guests of the Govern¬ 
ment, who provided them with transport,, accommodation, and labor* 
Doctor Morize* director of the Bio Observatory, acting on behalf of 
the Brazilian Government, made most complete arrangements for the 
expedition, and in this way contributed materially to its success. 

On behalf of the Principe expedition, special thunks are due to 
Sr, Jeranjnto Curneiro, who most hospitably entertained the oil- 
servers and provided for all their requirements, and to Sr. Atakya, 
whose help and friendship were of the greatest service to the observ¬ 
ers in their isolated station. 

We grateful!) acknowledge the loan for more than six months of 
the astrographlc object glass of the Oxford University Observatory. 
We are also indebted to Mr. Bellamy for the check plates he ob¬ 
tained in January and February. 

Thanks are due to the Iloyol Irish Academy for the loan of the 
4-inch object glass and 8-inch cceluetat. 

As stated above, the expeditions were arranged by the Joint Per¬ 
manent Eclipse Committee with funds allocated by the Government 
Grant Committee* 
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The development of wireless telephony dates back almost as far os 
the original conception of the use of electromagnetic waves for wire¬ 
less telegraphy* The practical utilization of this method of com¬ 
munication is T however* a matter of comparatively recent date as con¬ 
trasted with the much longer period during which wireless telegraphy 
has been n practical accomplishment, This delay in the successful 
utilization of wireless telephony is due to certain differences in the 
fundamental requirements as compared with those for the telegraph. 
These differences and the manner in which the particular difficulties 
incident to the successful accomplishment of wireless telephony have 
been overcome will be explained in detail in succeeding paragraph* 
Broadly speaking, the principal difference he tween wireless tele¬ 
phony and wireless telegraphy lies in the form of the signal which 
has to lie transmitted, telegraph signals being obviously far simpler 
in the wave-form of the signal current than are telephone signals. 
The fundamental requirement- is in either esse that the form of the 
received signal shall faith full y reproduce the form of the trans¬ 
mitted stgnal, whether due to the opening and dosing of a telegraph 
key or the vibrations of a telephone transmitter diaphragm. 

The essential units required in a complete wirc-le^ telephone system 
oinv be grouped into the transmitting and the receiving elements. 
The receiving elements, being in no respect different from those re¬ 
quired in wireless telegraphy* will not be dracrihcd at this point. 
The transmitting elements differ, however* in many respects and 
comprise the fallowing essential units: 

A radio frequency generator* 

A modulator for controlling the radio frequency current. 

An antenna for radiating the electromagnetic waves pro¬ 
duced by the r*dio frequency current- __ 
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The particular characteristics of these various units ure described 
in detail hereinafter. 

Wilder telephony is subject to certain particular limitations in 
the same wav us wireless telegraphy, notably that of interference due 
to atmospheric electricity or radio signals foreign to the desired 
signal. 

HISTORICAL SUMMARY. 

The first requirement for nny wireless telephone station is n source 
of radio frequency current whose amplitude from cycle to cycle re¬ 
mains constant, except when varied by the modulation imposed upon 
it by the voice current- If variations in its amplitude occur, due to 
other causes, these variations will introduce disturbances which will 
cause the system to be deficient in the effective transmission of 
speech- It jjs at once evident that the original source of radio fre¬ 
quency current used in wirelc.'jS telegraphy, namely, I be oscillatory 
(lisdiarga of a condenser supplied with energy from a low frequency 
source, is entirely unsuited to the purposes of wireless telephony. 

With the development of the Paulsen are the first successful ate 
tempts at radio telephony were begun. These attempts involved the 
second factor in a wireless telephone station, namely, that of modu¬ 
lating the radio frequency current in accordance with the currents 
supplied by a telephone transmitter. The early attempts to accom¬ 
plish this modulation, by means of miernphones inserted directly in 
the antenna circuit or coupled to the circuit in various manners, were 
largely unsuccessful, duo to the limitations of the microphone de¬ 
vices, such as the low current capacity and the small range of varia¬ 
tion of resistance, , 

A second source of radio frequency current is the high frequency 
alternator, which has been developed in various forms and which has 
been likewise used with limited success for wireless telephone trans¬ 
mission. Tlie same lack of a suitable modulating device handicapped 
the use of the high frequency alternator until the advent of the 
audioii or vacuum tube. The characteristics of the vacuum Lube have 
lawn fully described in many recent publications, and will be dis¬ 
cussed in this paper only in so far as these characteristics are directly 
applicable to the problems of wireless telephony. It will be seen 
from this subsequent discussion that the vacuum tube possesses in a 
remark aide manner the precise characteristic* required for the gen¬ 
eration and modulation of radio frequency current for lovy power 
wireless telephone stations, and for the detection and amplification 
of radio signals of any character whatsoever. Its influence on the art 
of wireless telephony may well be compared with the influence of the 
gas engine on aviation. 
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VACUUM TUBE. 

Tho requirements of n radio frequency generator may be grouped 
as follows: 

The desired frequency may range roughly between the values 
of 15,000 and 6,000,000 cycles per second. 

The frequency for any particular generator may l» required 
to vary over a considerable range, in some cases as much its 
several octaves. In other cases, a single value of frequency i* 
sufficient. 

The frequency when set at a particular value should remain 
substantially tin affected by ordinary changes in the physical or 
electrical conditions associated with the station. 

The current delivered by the generator should approximate 
a sine wave as closely as possible. 

The required output for di lie rent classes of stations may vary 
from less than one watt to several hundred kilowatts. 

The efficiency of the generator should be reasonably high 
though not necessarily comparable with the efficiencies obtained 
from ordinary types of generators. 

1\ hen used as an oscillator or radio frequency generator associated 
with properly designed circuits, the vacuum tube will meet all of 
these requirements, with the exception that the power output of 
vacuum tubes as at present constructed is limited to not more than a 
few hundred watts per tube. 

The requirements of a modulator for radio telephony may he 
grouped as follows: 

The modulator should be actuated by the current from 
an ordinary microphone telephone transmitter or its equiva¬ 
lent. 

The modulator should faith fully reproduce, in its effect 
upon the radio frequency current, the wave-form of the 
telephone or speech current. 

The modulator should be capable of almost completely 
modulating the output of radio frequency generators whose 
[lower outputs may cover the range indicated above. 

These requirements are fulfilled to a remarkable extent by the 
vacuum tube used in properly designed circuits. 

Although the vacuum tube was invented in 1906. its development 
into a sufficiently practical form to be useful for wireless telephony 
was comparatively slow. This development was greatly accelerated, 
beginning in 1912, when the American Telephone & Telegraph Co. 
became interested in the vacuum tube for use in telephone repeaters. 
Rapid improvements were made in the design and construction of 
vacuum tubes, and at the same time experiments were conducted look- 
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inc to the use of the vacuum tube in wireless telephone apparatus. 
As a result of these experiments, the transmission of speech from 
Washington, D. C., to Paris and Honolulu by wireless telephone oc 
cirrni during the year 1915. In these experiments the vacuum tube 
used as » radio frequency generator, a modulator, a detector, and 




B1 Thif possibilities of the vacuum tube for wireless telephony bav¬ 
in" been partly disclosed by the above exiienments, the Navy Ue- 
partmtnt Income sutivdv interested in the development of wireless 
telephone apparatus for use on battleships. Experimental sets were 
developed by the Western Electric Co. and extremely promising re¬ 
sults were secured. The Signal Corps wax likewise interested m the 
development of apparatus for the Army, but experiments had not 
proceeded to the point where any satisfactory apparatus had t>een 
developed prior to the declaration of war by this country. 

FIELD OF MILITARY APPLICATION, 

Prior to the beginning of the European W nr the use of wireless 
telegraphy in military operations had been limited to nn extremely 
narrow field, while wireless telephony had been used io an entirely 
negligible extent. The communication requirements for the armies 
engaged in the trench-warfare style of conflict emphasized the need 
of radio communication, and accordingly the extent end variety of 
the apparatus for wireless telegraphy increased rapidly. At the 
time this country entered the war wireless telegraphy comprised an 
extreme!v important and extensive part of the communication sys¬ 
tems employed on the western front. The development of wireless 
telephony, however, had not proceeded to the point where satisfac¬ 
tory apparatus was available for use by the military forces. The 
particular field which most urgently required its use was the airplane 
communication system. The limitations imposed on the use of wire¬ 
less telephony, such as greater weight and complication of the appa¬ 
ratus and complete lack of secrecy, had hitherto prevented favorable 
consideration of wireless telephony as a substitute for wireless teleg¬ 
raph v. The particular requirements of the airplane communication, 
however, introduced certain advantages which more than compen¬ 
sated for these factors and made telephony much more desirable 
than telegraphy. The controlling reason for the use of the wireless 
telephone lay in the fact that its use eliminated the necessity of a 
knowledge of the telegraph code on the part of the aviator. An 
additional advantage lay in the greater speed with which the tele¬ 
phone transmission can be effected. 

Inasmuch ns the airplane wireless telephone set comprises not only 
the most interesting example of the uae of wireless communication 
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rid ring tiie war. but furnishes also a remarkable example of the 
rapidity with which the engineering and manufacturing facilities 
of this country were adapted to war-time needs, a detailed summary 
of the development, production* and operation of this mi forms an 
important part of the genera! subject of wireless telephony, 

HISTORICAL REVIEW. 

Almost immediately following the declaration of war by this 
country the Chief Signal Officer of the Army issued orders for the 
development of an airplane wireless telephone set which was to 
famish telephone communication between the different airplanes of 
a squadron and also to furnish communication between an airplane 
and a ground station. The fun da mental requirements for this set 
were based partly on information furnished by the Allies and partly 
on the experience of the United States Signal Corps in the prewar 
experiments in airplane radio telegraphy and telephony. The actual 
development work was intrusted to the engineering department of 
the Western Electric Co., with provision for the necessary airplane 
facilities and information to be supplied by the Signal Corps as 
required. The progress of the development work was extremely 
rapid| successful communication lacing established between nn air¬ 
plane and n ground station within rix weeks from the date the de¬ 
velopment was started. The evolution of a complete design suited 
to commercial production likewise proceeded very rapidly, so that 
bv DecembeTi 1917, only six months from the time the development 
work was started* the design of the complete equipment had reached 
the stage where production of the sets in quantity could he author¬ 
ized* As early as October, in 17, the apparatus has! been developed 
to a sufficiently complete extent to warrant sending samples to the 
expeditionary forces for test under conditions existing at the front. 

Because of the extreme need For the earliest possible delivery of 
apparatus in large quantities to meet the needs of the airplane pro- 
gmm of the United Rates the production of airplane telephone sets 
was begun prior to the completion of the experimental work. As 
fiirther^ experiments Indicated the need of modification or refine- 
incuts in tho design the necessary changes were incorporated in the 
process of manufacture, so that the sets delivered in the spring nf 
IftlH embodied the result of experimental work extending almost 
up to the date of completion of the sets. 

Beginning early in the snmmcr of 1D18 the development of an 
improved tvpe of set was begun* and at the time of the armistice 
thi* development had reached the point where practical trials of 
the completed mis were in progress. The essential differences be- 
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tween the original type of set an<l this new set are described in 

some detail in succeeding paragraphs. 

Thc production of several thousand of the airplane wireless tele¬ 
phone seta in the brief space of a few months involved many prob 
lems of an extremely unusual and difficult nature. As an example 
may Iks cited the production of the vacuum tubes required for use in 
the" sets. Prior to the war the vacuum tubes had never been pro- 
duced at rates greater than a few hundred tubes per week. At the 
time of the armistice the production of these tubes in one factory 
alone was in excess of 25,000 per week, the largest part of which was 
intended for use with the airplane wireless telephone sets. The prob¬ 
lem of devising methods for testing the completed sets involved the 
development of unusual testing facilities and the creation of a large 
organization of inspectors to handle the nets ns rapidly as they worn 
delivered from the factory. It was obviously impossible to test each 
completed set in an airplane before considering it as finally accepted, 
so that the formulation of the testing specifications involved the de¬ 
velopment of tests which would approximate the conditions encoun¬ 
tered on airplanes and at the same time would be adapted to factory 
methods of testing- 

Before the* devdoptnent of the airplane viretes telephone sete had 
proceeded even to the point where success waa assured, it became 
apparent to those involved in the work that the production of a satis¬ 
factory set was bv no means the complete solution of the problem. 
The successful use of the equipment would undoubtedly require « con¬ 
siderable amount of training of the aviators and a very considerable 
period of experiment with the trained aviators using the equipment 
before its limitations and its possibilities could fee even approximately 
determined. Accordingly preparations were made in advance of the 
delivery of the first production sets, to institute a course of training 
which was intended both to familiarise the aviator with the actual use 
of the set and to work out the method of Use: in other words, the 
tactics of a voice-commanded airplane squadron. As early as May, 
1918. groups of airplanes using the wireless telephone sets were being 
trained in the use of this equipment and were being drilled in the 
evolutions which the equipment made possible. In dune, 1918, a 
squadron «f 30 airplanes, equipped with wireless telephone sets, went 
through a course of drill in the air in such n manner os to demon¬ 
strate the remarkable possibilities of a voice-commanded squadron. 
Subsequently the training of aviators in the tactics of “ V. C.” flying 
progressed at a rapidly increasing rate, so that at the time of the 
signing of the armistice many thousand flights had been made. The 
record of these flights Is a glowing tribute to the effiriency of the 
design of the airplane wireless? telephone srds, which performed in 
such a manner as to give far less trouble than the airplane engine. 
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AIRPLANE 

At the outset of the war-time development work on the airplane 
winder telephone apparatus the requirements which the apparatus 
would have to meet am! the particular conditions under which it 
would operate were largely unknown; this information became ap¬ 
parent more or less gradually during the progress of the development 
work, which fortunately proceeded along such lines as to substan¬ 
tially comply with the requirements as they develop! As originally 
conceived t these requirements may be briefly stated as follows: 

The apparatus should be capable of effecting reliable 
telephone communication between two airplanes ut dbrtunces 
up to 2,000 yards. 

The weight of the apparatus should be the minimum pos¬ 
sible consistent with meeting the range requirements and 
other conditions imposed on the operation. 

The apparatus should be of the simplest possible construc¬ 
tion and should require the minimum amount of adjustment 
or manipulation by the aviator. 

It was realized that speck! conditions would lie encountered on the 
airplane which would make the development work extremely difficult 
nod would require radical departures from any previous practice. 
Among these special conditions may be mentioned the tremendous 
noise and vibration created by the engine and wind, the necessity of 
reducing the fire hazard to a minimum, and, above all, the extremely 
essential condition that the wireless telephone apparatus must create 
the minimum possible interference with the various other functions 
of the aviator. 

The various dements comprising the complete wireless tele phono 
set may tw grouped into the following units; Power plant, trans¬ 
mitting unit, receiving unit, antenna system. 

The details of these various units and the problems encountered 
in their development are briefly described in the following para¬ 
graphs : 

power plant. 

The preliminary experiments wish various types of apparatus soon 
determined the power requirements of the apparatus width included 
power supply for the filament and plate circuits of the vacuum tubes 
for both transmitting and receiving circuits and power for the tele¬ 
phone transmitters. The filament power required was determined 
to be 1.35 amperes at M volte and the plate circuit power for thp 
transmitting act <1010 amperes at 275 volte- The plate current for 
the receiving tubes was extremely smalt, namely, hiss than 0.004 
amperes, and it was decided to furnish this power from dry batteries* 
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After various arrangements wore tried the current for the telephone 
transmitter was obtained by shunting this transmitter about foments 
of two vacuum tubes which gave approximately the correct voltage 
for operating this transmitter. The 24-volt and 275 -toIi power .s 
obtained from a double voltage direct current generator which is 
driven bv nn air fun. the complete generator being mounted on one 
of the struts of the landing gear of the airplane and hence being 
directly in the propeller blast. The most difficult problems involved 
in the*design of the generator were those related to the excessive 
speed variation and the extremely high maximum speed at which 
the generator was required to operate. The air speed of the plane 
hein*' subject to extremely wide variations and the air fan rotational 
h * ppecd varying in 

almost exactly the 
same ratio, it was 
necessary for the 
genera lor to fur¬ 
nish its normal 
voltages over a 
spend range of 
4.000 to 12,WO rev¬ 
olutions per minute. 
This required the 
use of a special 
voltage regulator, 
the circuits of 
which are shown in 
ligure 1. This reg¬ 
ulator depends for 

Phl I.—Circuit dlaBram. irliid-drirca scuraMr. jtg operation Upon 

the relation existing between the filament current and the electron 
emis-rion from the fdamrnl in a special vacuum tube which has been 
designated as a regulator tube. At the lower limit of the operating 
speed range, namely, UW revolutions per minute, the filament of 
this regulator tube operates at a temperature which gives practically 
no emission of electrons. A* the speed of the generator inma«A 
above this value the voltage rises, and nreordingly the temperature 
of the regulator tube filament increases. This results in an extremely 
rapid increase in the number of electrons emitted by the regulator 
tube filament, which in turn causes a rapid increase in the current 
flowing through the differential field and the plate circuit of the 
regulator tube, as shown by the characteristic curves of figure 2. 
This current tends to reduce (he total magnetism lion of the generator, 
and as » result, the voltage regulation is maintained within extremely 
close limits. 
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^tnlo this v&ltagie rafubtiiig device ojjerates in un extremely 
But is factory manner, the excessive epced vnriuLion of the getiemtor 
imposes certain other miuimnerit^ tm the genera iar design which 
irrnke it desimble to reduce this speed variation. The development 
of a consttmt-speeJ air fan hits progrrs^l practically to the point 
where designs arc available for an air fun which will give an almost 
exactly constant mtationai speed with a range of uir speeds of at 
least 4 to 1. Thu use of such cm air fan on future wind-driven 
generators for airplanes h a practical certainty* 

Various alternatives, such as storage batteries and a dynamo tor, 
or a double voltage generator driven directly from the airplane 
engine, were eoiuddered and rejected in favor of the generator aWve 
iteaPT ibeth 
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The circuits of the transmitting set nure shown schematically in 
Ggtlre 3, A single vacuum tube of a special type is used for fur¬ 
nishing the radio frequency current and ti similar tube U used for 
modulating the radio frequency current. The method of moduli!- 
turn employed is known its the “constant current" method und may 
be described briefly as follows: 

The plate circuits of the vacuum tube oscillator and modulator 
arc connected iu parallel and are supplied through an inductano- 
'-■oil* which tends to maintain the total current constant. The plate 
current taken by the modulator tube is controlled by its grid voltage, 
which in turn is determined by the operation of the telephone trans¬ 
mitter. These voice frequency fluctuations of the modulator plate 
current cause corresponding variations in the direct current supplied 
to the plate circuit of the oscillator tube, the sum of the two currents 
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m anv particular instant being substantially constnut. These varia¬ 
tions in the direct current supply of the oscillator tube result in 
corresponding variations uf its high frequency output so that the 
result is a modulated radio frequency current supplied to the antenna. 

The telephone transmitter furnished one of the most difficult 
problems m connection with the design of the transmitting set by 
r*j 5 on of the fact that this transmitter operates under conditions 
of such extreme noise, due to the wind and engine exhaust. After m 
V f>r v estended period of development the present form of transmitter 

was perfected* its improvement 
over the ordinary form being 
roughly indicated by die state¬ 
ment that the ratio of noise 
signals to speech signals in the 
output of tliis transmitter is 
probably less than 1 per cent 
of the a me ratio for a trans¬ 
mitter of the usual type, 
Reference to the schematic 
diagram indicates the adjust- 
meats of the transmitting set 
for different wave lengths to in¬ 
clude only a variable inductance 
and a variable capacity. Inas¬ 
much as the apparatus is ad¬ 
justed for a particular wave 
length before the airplane leaves 
the ground, an artificial an¬ 
tenna whose constants approx in rule those of the normal antenna m 
used for making such adjustments cm I he ground* 
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The circuits of the receiving set are likewise shown schematically 
in figure 3. Reference to this figure will indicate that the circuit 
comprises a single resonant circuit, n vacuum tube detector, two 
vacuum tubes used as amplifiers r and a special helmet containing 
the receivers. The detector and amplifier are not particularly novel 
in any respect T but the helmet containing the receivers is of very 
unumud construction. The same noise conditions which were men¬ 
tioned above for the telephone transmitter likewise affected the recep¬ 
tion of signals in the telephone receivers Tt was accordingly neces¬ 
sary to develop a special sound-insulating helmet in which the tele¬ 
phone receivers were mounted in such a way as to exclude a 1 most 
completely from the aviator^ ears all sounds except those emanating 


























































WlE HTJiS S TELEp HON V—SLAUGHTER, 


187 


from the telephone revivors. The design of * helmet which would 
accomplish this and at the Same tune not prove to he uncomfortable 
represents one of the most striking accomplishments in the complete 



The adjustment of the receiving act is of the utmost simplicity, 
there being only a variable capacity and inductance to adjust for the 
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particular wave length of the received signal* As i tx the cuse of the 
transmitting set„ these adjustments are ordinarily made before the 
p lrnin leaves the ground* and it is usually Decenary for the aviator to 
make in flight only an extremely small adjustment in the capacity to 
insure the proper tuning of the receiving set* Because of the con¬ 
dition of vibration existing on the n3rplane and the effect of this 
librutinn on the vacuum tubes used in the receiving apparatus, it 
was necessary to devise a mechanical filter which would protect the 
vacuum tubes from these vibrations* The method finally adopted 
coexisted of the use of sponge rubber supports for certain dements 

within the set box itself, _ 

The current required b}' the plate circuits of the receiving tubes 
iiiul tho negative grid potential for the modulator tul>e of the tmmr 
mitt mg set are furnished by small dry batteries* which consist of 15 
cells of very special construction weighing less thou 3 |Kumd and 
having sufficient current capacity to operate the set a few hours a 
day for a considerable number of weeks. The most important re¬ 
quirement for these batteries, however, was a sufficient length of 
shdf life, inasmuch as a period of several months usually elapsed 
between the date of manufacture and the date of use Difficulties of 
securing even a few months’ 1 shelf life for cells of such small >iz£ 
made the use of standard cells out of the question. Development of 
particular types of containers for the cells and extremely careful 
selection of materials resulted in the satisfactory solution of this 
problem. 

antenna. 

The form of antenna which was adopted for the early experiments 
with the airplane wireless telephone consisted of a wire trailing 
behind the airplane in flight and connected through the apparatus 
with the frame of the airplane as a counterpoise. The length of this 
wire was ordinarily 300 feet, A red was provided for holding this 
wire and a ^mall weight was attached to the free end to cause it to 
unreel properly after the airplane left the ground. In order to reduce 
the attention required hy the aviator in unreeling the antenna a 
special form of reel was devised with a centrifugal governor, which 
limited the unreeling speed to a value which prevented the weight 
from, breaking the wire at the end of the unreeling precess. The wire 
which was used was a soft braided copper wire made purposely of 
low tensile strength* so that in rase this wire Inhume entangled with 
any obstruction during liipht no particular -cram would be put upon 
the airplane structure before the antenna wire would break. 

The subject of radiation from airplane antennae ho_< [wrhaps re- 
reived htfca; attention in proportion to iU ImpwtMwe than almost 
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unv other phase of airplane wireless telephony. This k partly due 
to the fact that the form of antenna above dc5cril>ed jxissesses ex¬ 
tremely efficient radiating properties and partly to the fart tbnt 
mvestigatiotts of the subject require very extensive anti painstaking 
measurements involving actual flights of airplanes. The investiga¬ 
tions conducted during the war, however, included a large number of 
testa of various types of antenna, the principal object of which was 
to evolve a substitute for the long trailing wire which would be better 
adapted for um on airplanes engaged in acrobatic flying. Obviously 
the movements of an airplane were somewhat restricted by the use 
of Oils type of antenna. 

Without indicating in detail any of the alternative types of an¬ 
tenna which were developed and used it may bo stated there are a 
number of forms of airplane antenna which oiler considerable: promise 
of complying with the radiation requirement and at the same turns 
offer practically no interference with the movements of the airplane. 

The tact kid uses of the airplane wireless telephone called for trans¬ 
mission and reception on certain airplanes and for reception only on 
other airplanes. The apparatus developed therefor included two 
distinct types, one induding both the transmitting and receiving de¬ 
ments. mounted in a single box, as shown in plate g H figure 1, while 
the other included only the receiving element, a* shown in plate S, 
figure 5, and plate 3. The complete equipment comprising the 
transmitting and receiving set b shown in plate 4- The complete 
equipment comprising the receiving set only Is different with respect 
to the power plant, which in this ease consists of a 4-volt storage I .at - 
tery, This figure show s two telephone transmitters and two helmets, 
which are used in i-omiectioh with an interphone system provided ini 
an auxiliary to the wireless telephone. This interphone system en¬ 
ables two persons in the same airplane to converse w ith each other by 
ordinary telephone, and furnishes in itself a valuable communication 
system entirely exterior to the wireless telephone apparatus. 

Where communication between an airplane and a ground station is 
desired this communication b effected by menus of a special ground 
set which lias been developed to correspond with the range and wave¬ 
length requirements of the airplane apparatus. 

In using the apparatus above described, the only manipulation re¬ 
quired of the aviator b sw itching from the transmitting to the receiv¬ 
ing apparatus, or vice versa, as required. Itanges of several miles be¬ 
tween planes are easily accomplkhed,, and under extremely favorable 
conditions much greater distance* have been covered. 
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NEW TYPE OF APPARATUS. 

Experience in the operation of the above type of wireless telephone 
apparatus indicated the desirability of certain improvements, par¬ 
ticularly along the following lines: 

Reduction in the size of the apparatus units to better 
adapt them to installation in the restricted space available 
on certain types of airplanes. 

Use of very much shorter wave lengths to make possible 
the substitution uf an tenure which would not interfere with 
the use of the airplane and which would likewise reduce the 
amount of radio interference which would be experienced on 
the western front. 

Accordingly, a new type of set was developed during the summer 
of 1918, the essential elements of which are illustrated in plates 5 
and < 5 . Practical trials of this equipment have not proceeded suffi¬ 
ciently to indicate the superiority of this set from the standpoint of 
its use by the aviator. Its superiority, however, front the standpoint 
of installation is self-evident. 

WIRELESS VERSUS WIRE TELEPHONY. 

Any prophecy as to the future of the wireless telephone art should 
take due account of fundamental differences between wire and wire- 
Jusa telephony. While it is conceivable, though not probable, that 
improvements in directive radiation may Is evolved which will cause 
the greater part of the waves radiated from a wireless station to 
choose a particular path, rather than to be spread broadcast, as at 
present, there will always be a far more definite and restricted path 
for Wire telephone signals than for wireless signals. As a result, it 
may lie safely predicted that wireless telephony is not apt to supersede 
wire telephony in any of the fields now occupied by the latter. The 
application of wireless telephony to new fields, where wire telephony 
is either impossible or impractical from economic considerations, will 
furnish abundant opportunity for service of the greatest value, A 
combination of wire and wireless telephony, each in its own field, 
may result ultimately in a telephone system covering the civilized 
world, 

COMMERCIAL FIELD. 

To the average person the most interesting commercial application 
of wireless telephony is transoceanic, such as is suggested by the long¬ 
distance experiments mentioned above. While the scientific aspects 
of the question are such that the development of suitable apparatus 
for effecting reliable commercial service between such points as New 
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York and London is a comparatively simple matter, economic ques- 
tians have up to tlie present prevented serious consideration of such 
a project. It is entirely conceivable that improvements in the art 
may soon bring the cost of such a system well within the limits im¬ 
posed by economic considerations. 

Wireless telephony between ships at sea or between a ship ami a 
shore station is a logical supplement to the wireless telegraph service 
now furnished on practically all ocean-going steamships. In this 
case, as in the case of transoceanic tele phony, economic considerations 
are apt to retard the extension of this field until the development of 
apparatus less expensive than present types. 

In the field of aviation, however, wireless telephony present* a 
number of advantages which it is believed will result in its rapid 
adaptation to the needs of this service, Entirely aside from the 
popular interest attached to telephone communication between dif¬ 
ferent airplanes, or between an airplane and a ground station, the 
practical value, particularly of the latter. Is sufficient in many coses 
to justify the required expenditure to provide this facility. 

There arc various special fields not included in the above which 
rntiv call for the use of wireless telephony, such a* communication 
between various islands of a group—for example, the Hawaiian 
Islands— the wireless telephone furnishing in this rase trunk lines for 
tying together the telephone exchanges on the various islands. 

MILITARY PIE LB. 

The use of wireless telephone apparatus in combatant military 
operations during the war was practically negligible. This should, 
however, not be interpreted os an indication that wireless telephony 
offers no advantages for military purposes, but rather that the 
training of personnel in it* use had not proceeded sufficiently to 
warrant it* use. Communications within various units of .in arm} 
frequently call for extreme mobility of the apparatus. 1 he P rc ‘ 
vailing method of establishing intermittent communication I*tween 
temporary stations joined l>v wires laid on the ground is obviously 
far from ideal. If wireless telephone apparatus can be developed 
by means of which different renters of command can be kept in con¬ 
stant touch with each other while all are in motion the advantage* of 
such communication will compel its adoption and wide use through¬ 
out the communication system of the Army. 

In naval operations the use of wireless telegraphy ia so wide¬ 
spread that it forms an indispensable link in the naval communica¬ 
tions system. For certain kind* of service the advantages offered by 
telephony as compared with telegraphy make it extremely desirable 
that winder telephone apparatus be developed to meet live require- 
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merits. The present state of the art indicates the certainty that this 
can he done. 

In the field of military aviation w ireless telephony finds its great¬ 
est present opportunity for immediate service. The requirements 
of interairplane communication are such that the telephone is 
peculiarly adapted. The use of wireless telephony within an air* 
plane squadron at once makes possible the development of the squad¬ 
ron into a military unit wherein the various members are subject 
to the command of the leader in exactly the same way as military 
units on land ntid water. The development of airplane squadron 
tactics is therefore made entirely possible, whereas without the tele¬ 
phone it is considered that the difficulties of communication between 
various airplanes would have made such a development im possible. 
Communication between airplanes and ground stations comprise* an 
equally important phase of the operation of military aircraft. 
Hitherto these communications have been chiefly those for directing 
artillery fire and the wireless telegraph has served this purpose 
reasonably well. The availability of the wireless telephone* however, 
will open up new possibilities in the use of airplane to ground com¬ 
munication* an example of which is furnished by the present opera¬ 
tions on the Mexican border. Scouting parties, accompanied by air¬ 
planes, traverse the extremely mountainous country, with airplanes 
preceding the land forces and at intervals reporting their observa¬ 
tions. If we imagine each of the scouting parties to be equipped with 
receiving apparatus sufficiently portable so that it does not in any 
way interfere with the movements of the party, it is at once evident 
that they could, without delay, be kept informed of the observations 
of the aviator, by direct telephone communication. This extension 
of range of vision would he of immeasurable value. 

Developments which have occurred during the war period, while 
essentially of a military character, arc immediately applicable to both 
military and commercial needs. These developments [>oim the way 
to further progress in the art which it is believed will, within a short 
time, establish wireless telephony as an imjwrtant element in many 
phases of our military and commercial activities. 


RADIUM AND THE ELECTRON.' 


By Sm E»u<t Rcthwwhw, F.tt.H. 


When we new in perspective the extraor® narUy Tapid progress of 
physics during the last 25 years, we can not fail to 1w impressed 
with the great significance tu be attached to the disco eery of X-rays 
by Rbntgen in 1895, not only from its intrinsic interest and im¬ 
portance, but also from the marked stimulus it gave to investigations 
in several directions. In fact, this discovery marks the beginning 
of a new and fruitful epoch in physical science, in which discoveries 
of fundamental Importance have followed ona another in almost tin- 
broken sequewc^ 

It does not fall within my province to discuss the great advances 
In our knowledge that have followed the close study of this pene¬ 
trating type of radiation, but to indicate, f am afraid very in¬ 
adequately, the progress in two other directions of advance which 
were opened up by the discovery of X-rays, and have revolutionized 
our ideas of the nature of electricity and the constitution of matter. 

Following K tint gen's discovery, attention was concentrated on two 
aspects of the problem. On the one side it was thought that the 
excitation of the X-rays might be connected with the phosphor¬ 
escence set up in the glass of the discharge tube by the impact of 
cathode rays, and experiments were consequently made by several 
observers to test whether substances which phosphoresced under ordi¬ 
nary light emitted a type of penetrating X-rays. By a fortunate 
combination of circumstances, H. Becquerel in 1S90 tried the effect 
of a phosphorescent uranium salt, and this led to the diseen ery o 
the emission of n penetrating type of radiation, anil thus laid the 
foundation of the new science of radioactivity, the further develop¬ 
ment of which has been attended by such momentous consequences. 

On the other side, the problem of the nature and origin of the 
X-ruvs led to a much closer study of the cathode rays ami to the 
definite proof, ns Sir William Crookes had long Iwfore surmised, 
that the cathode rays consisted of swift charged particles of muss 
small compared with that of the hydrogen atom. It was soon shown 
that these corpuscles of small mass or negative electrons, as lhey are 
now termed, could be set free by a variety^! a gencies, b y the action 
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of ultra-violet light on metals and copiously from glowing bodies, 
while they were ejected with high speed spontaneously from the 
radioactive bodies. 

The interpretation by Ijorstitt of the 3?eornsn effect in which the 
spectrum lines were displaced by placing the source of light in a 
magnetic field showed that electrons of the some small mass were 
present in all atoms, and that their vibrations constituted visible 
light. Sir J. *f, Thomson early pointed out the significance of thu 
electron as one of the units of atomic structure and its importance 
in the mechanism of ionization in gases, and the rapid growth and 
acceptance of electronic ideas owes mud) to his work and teaching. 
An important stage in advance was the proof by Katifmann that 
the mass of the electron was entirely electrical in origin, Sir J. J. 
Thomson had shown in 1881 that a charged particle acquired addi¬ 
tional or electrical mats in virtue of its motion. The variation of 
mass with speed has Iwen shown to be in accord with general theory, 
but is in best agreement with the formula based on the theory of 
relativity. It would lie of great interest to compare theory with 
experiment for the highest attainable speed of the electron from 
radium which is bo near to the velocity of light that the variation 
of mass with velocity is very rapid. 

'JTie proof that the electron was a disembodied atom of negative 
electricity was a great step in advance in electrical ideas. Informa¬ 
tion ns to the nature of positive electricity is far less precise and 
definite, for no positive electron, the counterpart in mass of the 
negative electron, hna ever l*en observed. In nil experiments with 
positive rays and with radioactive transformations where the proc¬ 
esses are very fundamental in character, no positive charge has ever 
been found associated with n muss loss than that of the atom of 
hydrogen, While it is well to keep an open mind or this funda¬ 
mental question, the evidence ns a whole suggests that there is an 
essential difference in mass between the carriers of positive and mo¬ 
tive electricity. In fnct, such a difference seems to be essenrial to 
fit in with our knowledge of the structure of atoms. The nucleus of 
the lighest atom, hydrogen, may prove to lie the positive electron 
and its much greater mass than that of the negative electron would 
then be ascribed to the greater concentration of the electrical charge 
in the former. 

From consideration of the passage of electricity through gases, 
it had long been surmised that electricity, like mutter, was atomic 
in character. The study of the defection of the cathode rays and 
sprays in magnetic and electric fields showed that tlic carriers 
of each type had all the same charge, and the atomic nature of 
electricity was implicitly assumed by all workers. Townsend siiuwed 
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that the charge carried by the ions in gases was equal to the charge 
carried by the hydrogen atom in tbe electrolysis of water and made 
the first measurements of this fundaments] unit. Other methods of 
attack were developed by Sir J. J. Thomson and H. A. Wilson, and 
by a skillful adaptation of methods Millikan was able to demonstrate 
in a very direct way the unitary nature of electricity and to measure 
the value of the unit charge, probably the most important and 
fundamental constant in physics, with an accuracy, it is believed, of 
one m a thousand- By combining the value of this constant with 
dectra-chemirnl data, the nunilwr of molecules in a cubic centimeter 
of gns and the mass of the atoms can be deduced with equal accuracy. 
The convincing proof of the atomic nature of electricity and the 
accurate measure of the fundamental atomic and molecular magni¬ 
tudes are two of the greatest triumphs of the new era. 

One of the most important properties of X-rays is their power of 
making gases a temporary conductor of electricity. The study of 
this small conductivity led to n clear idea of the transfer of elec¬ 
tricity through gases by means of charged ions, and the nature and 
difference of the positive and negative Ions have been closely studied. 
The proof by Townsend of the production of ions liy collision in 
electric fields opened up a new field of investigation and gav® us 
for the first time a clear idea of the processes leading up to an 
electric spark. The ionization theory was found to explain the con¬ 
ductivity produced by radium rays and the conductivity of 11 tunes. 
The laws controlling the escape of electricity from glowing bodies 
were closely examined by II, A, Wilson and 6. IV. Richardson. 

It is a striking fact that these purely scientific researches on the 
conductivity of gases, which bad their inception in the Cavendish 
laboratory, and appeared at first to have only an academic interest, 
should so soon have resulted in important practical applications. 
We may instance the use of a hot filament in a low vacuum as a 
rectifier of alternating currents and a detector of electrical waves. 
The supply of electrons from a glowing filament coup led with the 
generation of ions by collision has led to the production of powerful 
electric oscillators and amplifiers for magnifying minute currents to 
any desired degree. These amplifiers hare not only been of great 
service in war, but have also rendered possible radiotelephony across 
the Atlantic, Last, hut not least, we have the invention of the 
Cpolidge X-ray tube, which has played such an important part in 
research and radiography. 

While the mechanism of ionization of gnsra by X-rays and radium 
rays and the transfer of electricity in ordinary electric fields Is in 
the main well understood, it is a striking fact that the passage of 
the disruptive discharge through a vacuum tube, which was the 
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starting point of so many discoveries, is still almost □. mystery, 
While* no doubt, gome of the main factors involved in the discharge 
ure known, the phenomena in gases at low pressure are so complex 
that we are still far from a complete elucidation of the problem. 
This complexity is well instanced, for example, by the sign and 
magnitude of the charges communicated to atoms and mol miles in 
the positive rays* which have been so closely studied by Wien anti 
Sir J, J, Thomson, and in the hands of the latter have given us a 
very delicate method of chemical analysis of gnses in a discharge 
tube* 

The discovery of the electron as a mobile constituent of the atom 
of matter has exercised a wide influence on electrical theory, and 
has been the starting point of attack on numerous electrical prob- 
Jems. In these theories the electron may l>c considered as a point 
charge with an appropriate nuiss associated with it, ami in many 
cases no assumptions as to the nature and constitution of the electron 
itotf are involved- One of the first problems to lie attacked was the 
passage of electricity through metals where it was supposed that 
the negative electrons are continuously liberated from the a toms p 
and are in temperature equilibrium with the matter* While the 
theories a a initially developed by Brude and Sir -T. J* Thomson have 
\#m instrumental in accounting for « number of relationships, they 
are unsat is: factory on the quantitative side, These difficulties have 
been enhanced by the recent discoveries of Knmerlingh Onnes of 
the sLjpnn Mnducrivity of certain pure metals at very low tempera- 
tunes and the marked departure from the law of Ohm under certain 
condition?. As in the case id the theory of radiation, it may be 
necessary for nn ultimate explanation to introduce the ideas of 
quanta as recently proposed hy Keesom. Lungcvm has applied the 
electron theory to the explanation of magnetism and diamagnetism, 
but there are still many difficulties The suggestion, first proposed 
by WeUs, that there exists a natural unit of magnetism called the 
Eiiagneten, analogous in some respects to the atom of electricity, still 
lacks definite confirmation- 

In this brief review reference an lie made only to the apparently 
insoluble difficulties in the explanation of the facts of radiation 
brought to light in recent year?, and to the application of the theory 
of quanta which has bad such a largo measure of success in many 
directions, 

radioacmtitt. 

The rapid growth of the subject of radioactivity after the dls- 
cnvery by Ikcquerel of the radiating power of uranium was greatly 
Influenced by ilia discovery and isolation of radium in lh&9 by Mm& 
Curio, for the radioactive properties of this element were on such a 
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Rail® of magnitude that they were dilEcalL to explain nod still more 
difficult to esplsiin away, The systematic chiniicul nnnlvsb of 
uranium ores disclosed the presence of new radioactive substances 
like polonium and actinium, while the study of thorium, radium, and 
actinium disclosed the emission of miiiouctive ti run unions or gases 
and their apparently remarkable power of conferring temporary 
activity on all ladies in their neighborhood. The changes in activity 
of these substances with time and the different types of radiation 
emitted at first gave an appearance of great complexity and confu¬ 
sion to the rapidly accumulating mass of facts, but the whole subject 
took on an orderly and systematic development after the transforma¬ 
tion theory was put forward Jy Rutherford and Soddy in 1903 ns 
an explanation of radioactivity. On this view radioactive matter is 
undergoing spontaneous transformation of its atoms with the up- 
peasants of a succession of new radioactive bodies, each marked by 
chiintctoristic chemical and radioactive properties. The radiations 
accompany tlifi Iransfonnution of atoms and are a measure of the 
retc of transformation. Guided by this theory, the whole sequence 
of changes in the uranium-radium series, the thorium and actinium 
series, were investigated in detail, and in a remarkably brief space 
of time more than SO new radioactive elements were brought to light 
slid their position in the scheme of radioactive changes determined. 
Special interest attaches u> the discovery by Bolt wood of the sub¬ 
stance called ionium* which is directly transformed into radium. 
Tills afforded a direct experimental method of determining the aver¬ 
age life of radium with a result that is in close accord with the value 
calculated from the rate of emission of a-particles. The position of 
actinium in the main scheme of changes has occupied much attention. 
The constancy of the relative amount of actinium and uranium in 
uranium minerals showed that it must be derived ultimately from 
uranium, but, the activity of actinium is too small to'be in the direct 
line of succession, This has led to the view that actinium is a 
branch product at some point of the uranium series where about G 
per cent i? transformed into the actinium branch ami til per rent 
into the main lino of descent. The general evidence indicates that 
this branching occurs near to uranium, and possibly the branch 
product railed timmum-Y by Antnnoff is the first member of the 
family. Recently the intermediate parent substance of actinium 
itself has teen discovered. 

While in the majority of cases the atoms of n radioactive product 
break up in a very definite fashion and in only one way, certain cases 
are known where one substance breaks into two chemically distinct 
substances. Examples of ihis are radium C, thorium C, and actinium 
C. Usually the transformation is mainly in one direction with 
t£5T3*— 21 -—14 
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fcuiril] friction in the side branch. It is quite probable that further 
it tidy m ay lead to tbe discovery of □. number of such dual t rn ns fu mul¬ 
tibus. In the violent cataclysm that must accompany the trims forma - 
lion of an atom, it is not unexpected that the constituents of the 
residual atom may arrange themselves in more than one configuration 
of temporary equilibrium. 

Much attention has been directed to the properties of the radium 
emanation—the radioactive gas constantly produced by the trans¬ 
formation of nidiuui atoms. The equilibrium volume of this gas 
from I gram of pure radium is only six-tent I is of a cubic millimeter, 
hut contributes more than ib.ra-fourths of the total activity of 
radium. I5y concentration of purified emanation into fine glass tubes, 
very powerful sources of radiation have been obtained, which have 
proved of great utility boLb in the laboratory and for therapeutic 
purposes* Although only about r>ne-tentli of a cubic millimeter of 
purified radium emanation has ordinarily been available for experi¬ 
ments, methods have been devised to determine its spectrum^ mo- 
leoukr weight, freezing and boiling points. 

We owe to Halm the discovery of two fairly long-lived products of 
thorium called mesothorium and rndiothorimn, The megatherium, 
which is separated with the radium from ores containing both 
thorium and uranium, is transformed into rndioLhorium, Three 
products can be obtained of activity greater than radium for equal 
weights, and give us another source of powerful radiation* 

The discovery of the production of helium fro m radium by Ramsay 
and Soddy wsjs of great importance in emphnsiring the reality of the 
traits formations occurring in radium* Rutherford showed that the 
os-rays which are shot out from radium consist of positively charged 
atoms of helium* so that all radioactive substances which emit a-rays 
give rise to helium. The production of helium by radioactive sub¬ 
stances explains the occurrence of large quantities of helium in 
uranium and thorium minerals, and indeed the prediction by Ruther¬ 
ford rind Soddy that helium would prove to l>e b product of radio- 
active transformation was based in part on this fact. 

The great majority of radioactive mi Instances are transformed 
with the expulsion of Indium atoms with great velocity, but in a few 
cases swift electrons appear* The appearance of lidium in so many 
changes, coupled with the observation that many of the atom in 
weights of many known elements differ by four unit*—the atomic 
weight of helium—indicates that he3 rum must be one of the Secondary 
units of which many of ibc ordinary dements are built up. It h 
noteworthy that so far no definite evidence has been obtained that 
hydrogen m a direct product of radioactive transformation,, although 
its complete absence would be very surprising. 
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Hie proof by the Curies of the rapid and continuous emission qf 
lient from radium showed dearly the vast ntuoiint of energy that 
must lie storuHl up in rudionctive matter and released by its transfor¬ 
mation, [ bis heat emission has boon shown to be a secondary cJ!Wt 
of radioactivity, for it is a measure of the energy of the expelled 
radiations, the greater part being due to the energy of the ev]*Ued 
a-pa Hides* 

Tile transformation of an atom is the result of an os plosion of 
intense violence in which a part of the atom, whether a Helium atom 
or an electron, is shot out with groat sjieorl. In order to product 
a-* lr- t of of espial energy to those era Sited by radioactive sub¬ 

stances, potential differences of about 2,000,000 volts applied to a 
vacuum tube would Ik necessary, These spontaneous radiations have 
been of great utility in studying the ionisation, scattering, ami other 
properties of particles moving at highspeed, while in the very pene¬ 
trating flays have a type of X-rays of much shorter wave-length 
tiian can be produced at present or is likely to be produced by 
laboratory methods. 

The properties of the a-rays have been very closely studied find 
their spaed and mass have been determined accurately. The definite- 
ness of tiie range of i-particles, to which Bragg first direr-ted atten¬ 
tion, is a matter of remark, and so far the apparent disappearance qf 
the a-partide while stilJ moving with a high velocity has not been 
adequately explained- The analysis of the £-reys has disclosed the 
presence of groups of electrons emitted at a definite velocity, so that 
the pencil of jl-rays deflected in a magnetic field draws a veritable 
magnetic spectrum. Tlic presence of these groups of £-rays appears u, 
lv c.imeeted with the emission of characteristic X-radiation from the 
itotn, and the evidence ns a whole strongly supports the view that the 
y-rnys from radioactive substances, like the X-rays from a vacuum 
ttthe, contain rays of a wide range of frequency in which the ehnr- 
mteristic rays from fhe atom predominnte. 

Space does not allow me to do more than mention the extraordinary 
delicacy and definiteness of the electrical methods devised for measur¬ 
ing minute quantities of radioactive matter. By their aid the chemi- 
cul properties of the numerous radioactive dements have been studied 
un i their position in the periodic tiihlo established, The orderly 
sequence of changes in the chemical properties of successive elements 
in the radioactive scries has been shown to bo intimately connected 
with the type of radiation, whether a- or £-ray, emitted by the pre¬ 
ceding element. One of the most important fruits of these chemical 
investigations inis been the proof of the existence of nonseparable 
elements, named isotopes by Snddv, which are identical in ordinary 
physical and chemical properties, but hare different atomic weights. 
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In the case of lead, six isotope* arc already known which differ from 
one another either in atomic or radioactive properties. On the nu¬ 
cleus theory of the atom this indicates that the charges on the nuclei 
are the same, but that the masses differ. The proof of the prince of 
isotopes promises to open up a new and very fundamental held ol 
chemical inquiry which must inevitably exercise a great influence on 
atomic weight determinations and also on nur ideas of atomic con¬ 
stitution. In a recent letter to this journal Merton has indicated that 
the minute change in the wave length of spectrum lines of isotopes 
may ciw us a simple method of attack on this problem. 

While the subject of radioactivity belongs in essence to the border 
line of phvuics and chemistry, with affiliations to l*oth sciences, it has 
had numerous cm inert ions with other fields of work. 1 he examina¬ 
tion of the earth’s crust has shown that radioactive matter in very 
widely distributed, arid has disclosed, notably through die work of 
Strutt and July, that the heating effect due to this matter vitiates to 
a largo extent the old arguments of the duration of the earth's heat. 
While showing that the old views are not tenable, radioactivity has 
at the same time supplied new methods of estimating the age of 
minerals nnd the duration of geological epochs. The minimum age 
of minerals cm lie deduced from the helium accumulated from the 
transformation of radioactive matter, nnd the maximum age from 
the accumulated lead which is the product of both uranium anil 
thorium. Now that the atomic weights of the lead isotopes are well 
established, the atomic w eight of the lead in a uranium mineral should 
rerue as a definite guide to the fraction of lead present which is due 
to the transformation of uranium and thus give a trustworthy esti¬ 
mate of the age of the mineral, .Toly has demonstrated in a striking 
wav that the plcochroic halos observed in mica are of radioactive 
origin, and he has also estimated their age. The presence of radio¬ 
active matter in the atmosphere lias been shown to account for its 
electrical conductivity. Just before the war evidence was obtained 
indicating the presence of a very penetrating typo of 7 radiation in 
the upper atmosphere. It is to lie hoped that soon a further study 
will bo made to determine the nature and origin of thh interesting 
radiation. Finally, numerous investigations have been carried out 
to determine the effects of the radioactive rays on living tissue and 
on the growth of plants and organisms. M r ith the increased use of 
radium for therapeutic purposes, it is likely that our knowledge of 
thi-- important field of inquiry will grow rapidly. 

It is a matter of remark that while the study of radioactivity hag 
disclosed in a striking way the transformation of heavy atoms 
through a long series of stages, it has at the same time provided 11 s 
with indubitable proof of the correctness of the old atomic theory of 
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matter. The electric method devised by Rutherford and (reiger of 
count!rig single x-particles allows us to count the total number 
of part ides proj noted from one gram of radium per second- By 
determining the volume of helium produced by the collected a- 
particles, we have a simple and direct method of determining 
also the number of molecules in a cubic centimeter of helium at 
standard pressure and temperature!. This nupilwnr is in good agree¬ 
ment with the number found by Millikan by measuring the charge 
on the atom of electricity- Un account of the great energy of motion 
n single a-partido can be detected in a variety of ways by the dec- 
tricsil method. by the scintillations produced in zinc sulphide or the 
diamond, arid by its action on a photographic plate. 

The most striking proof of the individuality of the electron, the a- 
partide, anti the ion has been given by C* T + B. Wilson by his beauti¬ 
ful photographs showing the trails of x- and gr-partides through gases. 
By a sudden expansion each charged ion produced by the Hying 
particle is rendered visible by becoming the center of a visible drop 
of water- In the case of the swift electron * die number of ions jser 
centimeter of path Is so small that the number may he directly 
counted. These photographs bring out in a vivid and concrete way 
the phenomena accompanying the passage of ionizing types of radia¬ 
tion through gases, and are in a sens® the ultimate court of appeal 
of the accuracy of theories of the properties of these rays. 

The discovery of the electron and of the property of radioac¬ 
tivity has given n great stimulus to attempts to deduce the structure 
of the atom itself, and numerous types of model atoms have Wn 
proposed. The great difficulty in these attempts is the uncertainty 
of the relative importance of the role played by positive and negative 
electricitv. In the model atom proposed by frir J. J. Thomson. the 
electrons were supposed to be embedded in a sphere of positive elec- 
tricity of about the dimension of the atom as ordinarily unden-tocxl. 
Experiments on the scattering of x-particles through large angles os 
the result of a single collision with a heavy atom showed that this 
type of atom was not capable of accounting for the facts unices iUe 
positive sphere was much concent ruled. This led to the nucleus atom 
of Rutherford, where the positive charge and also the muss of the 
atom arc supposed to Ik? con cent rated on a nucleus of minute dimen¬ 
sions. The nucleus is surrounded at a distance by n distribution i>f 
negative electrons to mrdcc it electrically neutral. The distribution 
of the external electrons on which the ordinary physical and chemical 
properties of the atom depend is almost entirely governed by the mag¬ 
nitude of the positive charge, The experiments by MiiTsdcn and 
Geiger on the scattering of the a-particles, and also cm the scattering 
of X-rays by liarkla. show that the resultant units of Charge on the 
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nucleus of un element is about equal to its atomic number when ar¬ 
ranged in order of increasing atomic weight. Strong proof of the 
corner ti km of this [wint of view has been given by the work of Mose- 
ley on the X-ray spectra of the dements* for lie has shown dint the 
properties of an element are defined by a whole number which changes 
by unity in passing from one element to the next. It is believed that 
the lightest element, hydrogen, bus a nuclear charge of 1 T helium of 
S s lithium of 3, up to the heaviest element, uranium, of charge 92. 

Radioactive evidence indicates that the nucleus contains l*>th posi¬ 
tively charged misses and negative electrons, the positive charge 
being in excess. Apart from the difficulty on the ordinary laws of 
electric forces of explaining why the nucleus holds together there is 
a fundamental difficulty of accounting for the stability of the ex¬ 
ternal electrons on the ordinary laws of dynamics. To overcome 
tliis difficulty Rohr 1ms up plied the quantum theory to define the 
position of the electrons and to account for the spectra of the lighter 
atom* and has made suggestion of the structure of the simpler 
atoms and molecules. Space (Joes not allow me to discuss the inv 
poitiuit developments that have followed from Bohr's theory by the 
work of Souimerfdd, Epstein, and others* The generalized theory 
has proved wry fruitful in accounting in a formal way for many of 
the finer details of spectra* notably the doubling of the lines in the 
hydrogen spectrum and the explanation of the complex details nf 
the Stark and Zeeman effects. In these theories of Bohr and hte 
followers it is assumed that the electrons art 1 in |>criodtr orbital mo¬ 
tion round the nucleus and that radiation only arises when the orbit 
nf the electron i~ disturbed in si certain way. Recently Langmuir, 
from :l consideration of the general physical and chemical properties 
of the elements, bus devised types of atom In which the electrons 
are more or less fixed in position relatively to the nucleus like 
the atoms of matter in a crystal. It appears necessary, in laitig- 
muir’s theory, to suppose that electrons, in addition to tlieir dec- 
irieol charged, are endowed with the properties of a magnetic 
doublet, so that at a certain distance the forces of attraction and 
repulsion between two electrons counterbalance one another. 

The whole question of the possible arrangements and motion of the 
externa! elect toils in an atom or molecule still remains a matter of 
much doubt and speculation* While there arc strong indications that 
the conception of the nucleus atom is in the main correct, we are 
still very uncertain of the laws controlling the position of the ex¬ 
ternal electrons on which the ordinary physical and chemical prop¬ 
erties depend. The study of the light spectra and also of the X-rav 
spectra already promise to throve new light on tins very difficult 
but fundamental problem* 
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From the above harried survey of the progress of atomic physics 
it will lie seen that the investigations of the past twenty-five years 
have dealt mainly with three great outstanding 1 problems, vi*. the 
nature of electricity, the structure of the atom, and the nature of 
radiation. White great additions have bean made to our knowledge 
of these questions lending to a much wider outlook s we can not but 
recognize that much slid remains to be done lie fore we arc certain 
that we are building on a firm foundation for the future. Notwith¬ 
standing the prolonged halt during the war. the scientific outlook is 
one of good augury for the immediate future, and there is every 
prospect that the vigorous attack on these outstanding problems will 
he continued. 
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One (if the most interesting of the many strange tilings that ha™ 
come from Dr, Graham Bell's laboratories is ji weird-looking glider 
that recently has been tearing about the peaceful Bras d'Qr Jaike*; at 
the rate of 70 miles art hour. 

The II f is not a hydroplane in the usual sense of the term. It Is 
the successful development of the idea, by no means new, of lifting 
the hull dear of the water by a system of submerged planes not a 
part of the hull itealf. In other words, it uses the denser medium to 
obtain the lift and takes advantage of the low resistance to pro¬ 
pulsion offered by the air. An ordinary hydroplane, of course, 
utilises die lifting principle and dodges much of ihe resistance of 
the water, but it is still comparatively inoffirdent in that ii uses only 
the lower And by far the less important surface of the plane. 

A number of years ago Cooper-Heivelt experimented with the idea 
of superposed planes and For Inn ini attained some eucvilsp with this 
[principle m Italy. It is an alluring idea lls the patent office re ords 
will show* But the ///>-;, although she is only in \lm stage of de¬ 
velopment of the aeroplane of 10 years ago, is much more than u 
miccessful application of principle of lifting the hull clear of the 
water. You will notice from the detail pictures that the steel planes 
are arranged in seta like the rungs of a ladder a ml graduated from 
largo oiiets at the top to small ones fit die bottom. The foster ihe 
craft travels the more of the planes rise out of the water until only 
sufficient surface to carry the load remains submerged. 

This automatic reeling of the supporting surface is one of the 
ini] tort ant features of the JID-4 and one which, 1 believe, never has 
Ijeen attempted in an air craft* in which there is but one economical 
condition of speed und loading, a disadvantage particularly notice¬ 
able when taking off and landing* 

L H , ."jsrliLt€ , il hj ktdiU r-11■ :■ fri.rik .\luluf Itoat,. Vol. XVL Si*. 30, Oi-t. 26. TflTU. 
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Xow look lit the planes again. You will notice that they are nut 
set horizontally hut have a slight lateral angle* or dihedral angle, 
as it is called in the pari mice of the aeroplane. It was found in the 
early experiments that when the planes or hydrofoils were arranged 
parallel to the surface of the water, a noticeable irregularity occurred 
when changing speed or when traveling in choppy water, due to the 
effect of the entire plane entering or leaving the water at once. On 
the present machine the lower end of one plane b about on a level 
with the tipper end of the plane below it and for this reason the 
reefing process becomes smooth ami continuous. Furthermore, it was 
found that the dihedral angle of the hydrofoils greatly increased 
the stability of the machine. 

The hydrofoils are arranged in three sets to give three point sup¬ 
port like that of an ice boat, which obviates the twisting effect always 
present in a structure supported at four points The fourth set 
shown at the bow, or u preventer/ 1 as it is called* Ls merely to keep 
the bow from diving and to help lift the machine when getting under 
way. At full sj>ecd it is entirely clear of the water. 

When looking at the pfanes for the first timo, your impression is 
that they are ridicelomdy small to support such a largo hull. But 
remember that the area of the supporting surface is in in verge pro¬ 
portion to Lhc density of the medium in which it acts. The specific 
gravity of salt water b nearly 800 times that of air, which means 
that the area of the submerged hydrofoils need Ins but of the wing 
area of an aeroplane, It means also that the structural difficulties arc 
insignificant compared to those encountered in aeroplane design T 
where the designer's troubles iucreosti as the cube of the dimensions 
of hi^ machine. 

We said before that n surface hydroplane was inefficient in that it 
used only the lower and less important surface of the plane to obtain 
the lift Few people seem to realize that it is the upper and not the 
lower face of the plane, say of an aeroplane* that does nuist of the 
work. The results made public recently by the British Advisory 
Committee on Aeronautics show* that never* even with simple fiat 
planes, does the air impinging on the lower surface exert more than a 
[[darter of the total lift. It i.s the camber of the upper surface, over 
which a partial vacuum Ls created, that is the important factor- What 
b true of one medium b more or lets true of another and, therefore, 
St would see m that a Imat depending solely cm the lifting effect of the 
water Impinging on the sloping bottom b not the ultimate solution 
to the problem of obtaining speed on the water. 

Tlie sted planes of the HD-i are cambered according to the re¬ 
sults of count lest* experiments, in under to take advantage of the 
lifting [Hj^ibilklc^i of both surfaces. The ratio of 
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*■ drifts that m to say, the ratio of i he useful i eitiml component lo the 
head reabtartce or horizontal component, is 8, whereas the best results 
thus far obtained with the surface hydroplane lyjHs* I talieve, b 
about th In. aeroplane work it is higher* but we are not claiming 
perfection for the ///?— \ at this early stage of its development, 

Tina most efficient a ugh? of incidence of the planes was a problem 
that whs deHded only after :t long stories of experiments. The highest 
ratio of Jift over drift was obtained with the chord of the planes 
inclined ut an angle of U c , which is used on the two forward sets* 
For I he tail set it ti'ufi found that the best results were obtained with 
the chord or flat under surface of the plane absolutely horizontal* 
which proves the contention that the under surface is comparatively 
Unimportant. 

At present the hydrofoil surfaces of the HD-l are supporting 
approximately 2 r 00fl pounds to the square foot at 60 miles an hour, 
which is 2m ) times the load carried per square fr*it of wing mm in 
aeroplane practice* Wlm t the limit is we do not know, as the subject 
is absolutely unexplored beyond this point* The llieoreLicul limit to 
the lifting effect of the upper plane would be at the joint when* un 
absolute vacuum was created above it. Just below the surface of tin- 
water this would be slightly utmve 2/imi pounds per square foot, but 
the effect of another atmosphere could be obtained by submerging the 
places to a depth of 62 feet which would be impractical. 

It takes a thrust of about Eujmi pounds and a speed of about 20 Hides 
an hour to get the hull dear of the water, beyond which point tho 
thrust required drops to about l,5iH!■ pounds and rises very sslowlv, 
due principally to the resistance of die ulr* the resistance nf die water 
dropping from 1,1)00 pounds at la mihvi an hour to U\M [toumb at 
64 miles an hour and remaining practically constant above this point, 
due to the reefing nf the su importing surfaces. 

Since this article was written the writer hm received from Mr, 
Baldwin the following interesting data: 

Wtaa me luaLu set of hydrofoil* Is m na tin^ of 14* and th& rmkler ?*ia at 
0 E (tic nuicMm* rise* ele about 20 flsUe*i in't hoar on raugLiy 40 Hinniv u+t nf 
surface, wblcli equala about 27^ jMdtf \w-r HjL?ur» foot. At 4U miJes j*--f hour 
about JO square |wt of surface am ImiiWRmt wbkti eqimia 1*100 pmulllLh 
Mjauri! £in*u a Eid at 00 lulled per hour me cue Ire lutuMae Ih rarrl^l uj*m ahuut 
■\ prjuurt! fn't of surface* ur 2.470 | to antis ^[Uure f 1M it !ij lire full lm- 
tuerwd. 

Xow that we have explained the theory, let us look over the ma¬ 
chine itself. The bull of the craft U u hi rpedo-shaped affair 60 feet 
in length T with two outrigger bulb or jam toons each 16 feet in length 
connected to the main hull by a deck. The deck supports the twu 
Liberty motors, which arc mounted on either aide just, abaft the cock¬ 
pit It k designed in the form of an aerofoil* with Rut under surface 
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nml cambered top and presenting: a useful lifting area of 203 sijunra 
feet. 

fhe hull is 5 feet 0 inches in diameter and is (|uite heavily built. 
A system of fore-and-aft stringers are secured to several bulkheads 
and the frame is u continuous spiral wrapped around these. The 
half-inch planking is applied longitudinally and, to resist bending 
ami torsi aim l stresses, a number of longitudimd and diagonal steel 
Ti ires are run over the frame. The hull is covered with canvas laid 
spirally in the opposite direction to the framing. Except for the 
cockpit and a fuel tank in the stern, the hull is unused and would 
accommodate a score of people. 

The forward hydrofoil seta, upon which the machine largely de¬ 
pends for support when under way, are hung on a steel tube fd inches 
hi diameter, which posses through the bull 15 feet from the bow. 
Ihe tail set acts also as u rudder, the struts offering sufficient lateral 
surface for this purpose. It is mounted on a column 0 feet from the 
stern and is operated by tiller lines running to the steering wheel 
in the cockpit. 

The motors am of the law-compression Liberty type, developing 
350 horsepower and weighing 800 pounds each. They are mounted on 
a special form of wooden trussed bed, the horizontal members of 
width are finished in llto form of aerofoils, adding n useful lifting 
surface of 8-1 feet. The function of tills surface and that of the dock 
is to provide an air-cushioning effect which acta as a sort of shock ab- 
srortier when the machine is traveling in choppy water. 

The motors are provided with compressed-air starters and all 
controls are led to the cockpit. The fuel is forced from the tank in 
the hull to the level of the carbureters by air pressure maintained by 
a hand pump. J 

The center of gravity of the machine m 25 feet from the bow, but 
when she is running at full speed the line of thrust of the air propel¬ 
lers is 10 feet above the base of support, which brings the virtual 
center of gravity about 23 feet from the bow. 

Now step into the cockpit and we will take a ride, and if ro u want 
to hear anything for the rest of the day stuff some cotton into your 
ears before the motors arc started, for they* are not muffled. Over 
goes the start ward motor with the crackle of a machine gun and those 
on the dock scurry from the cyclone caused by the whirring propel 
ler. The mooring lines are cast off and we slip out into the hike -,t 
about 10 knots. 

Baldwin gives the dr to the port motor and the exhaust liecomes 
a continuous roar. At 15 knots you feel the machine rising bodily 
out of the water, and once up and clear of tile drug, she drives uhea l 
with an acceleration that mokes you grip your scat to keep mini' 1*1 
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Plate 4. 



The HD4 Engine mountings; Two LIBERTY Low-Cow predion MOTORS, 
350 Horsepower Each. 



Three-quarter Sow View of the HEM from A&ove. 
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PLATE $, 



0OW View of the HD“4 on Her Cradle. Showing Starboard and Pont 

Hydpofoils^ 



Rear v.ew of the hcm in Her shed. Showino Stern Hydrofoils. 
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Plate €- 



Dr, Bell at the laboratory Wharf, Watching the Performances of 
the HD-4 on Bad deck Bay p 



The HD4 Floating at Rest on Baddecr Bay. 
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Plate 7, 


The HD-4 on Hep Hauling-Up Cradle, Sho-wino Main Hydrofoils from 

THE SlOE. 



Bow View of the HD4 Showing Deck auo cockpit ARfTAKaEMEHTs, 
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Plate S. 



Showing hqw Fab Out of tjhe water the HD^ rides when at full 

Speed. 
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ing loft behind. The wind on your face is like the pressure of a 
giant hum! and an occasional dash of fine spray stings like birdshot, 

Baddeck, a mile away, comes at you with the speed of a railway 
train and you brace yourself for the turn as Baldwin drives her 
through the narrow passage inside the island. You fee! that she is 
going to skid as he starts to make the turn at full speed* but she 
docs not. Just the struts of the rudder $et are sufficient to steer her, 
m are Lho^ of the main planes sufficient to keep her from side slip¬ 
ping, Even more startling is the fact, that die doesn't seem to hod a 
degree as she makes the turn. It is unbelievable — it defies the laws of 
physics, but it is true. 

Then you notice that you are traveling over waves & foot and a 
half in height—waves that would take the bottom out of an ordinary 
hydro plane traveling at sudi a speed. There is no pomading or 
jolting of the kind with which everyone who has ridden hi a racing 
hydroplane is familiar. A slight undulation like that you feel in u 
Pullman car is the only sensation. 

Another noticeable thing Is that when hitting a wave there Is no 
retarding of the machine ns would be the case with a surface plane, 
and in this connection it might lie interesting to note the effect on the 
hydrofoil supports at top speed. It wOl be seen from plate T, figure 
1, that ill l- forward hydrofoil sets are hung from a steel tube 
which passes through the body of the machine and that the nxb of 
the struts Is several indies forward of the center of this pipe. This 
seemingly insignificant length of lever arm through which the S1 lift * 
is applied is sufficient to neutralise the 44 drift TN on the hydrofoils 
3 feet or so below the point of support. At full speed, instead of a 
tremendous backward pull on these struts as would be expected, the 
tendency is actually forward, and the supporting member running 
from the strut to the under side of the deck, instead of being in 
tension as would be expected* is actually in compression. 

Then Baldwin gives you the wheel and timidly you £tart to try 
it out. You fed that something must surely let go if you give her 
arty helm. But nothing does and you find that she steers with the 
ease of an automobile. 

As you get accustomed to the sjieed your confidence grows and soon 
you find yourself out of the cockpit lying over the edge of the deck 
on your stomach to see for yourself what is going on below, The 
a preventer 1T el the bow is entirely clear of the water except for the 
Op of an occasional wave and all of the main sets are out except for 
the two lower ones on cither side. Each square foot of submerged 
steel is carrying over S,000 pounds. 

Baldwin designed the SDni to demonstrate the possibilities of the 
type for carrying loads at extreme speed, efficiently, and with corn- 
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punitive safety. When you cotno in from your firet rifle you are 
convinced. If you have ever flown, you know that Hying is a dull 
bniriness, compared to skimming over the surface of the water at <M) 
knots, and for this reason there undoubtedly will be a future for the 
type for sport as well ns fm the more serious tilings at which Dr. 
Beil and Mr. Baldwin have been aiming. 



NATURAL RESOURCES IN THEIR RELATION TO MILL 

TART SUPPLIED, 


By AimiLim Ik Lnrut 


In the aboriginal da.ys, when the American Navy consisted of 
birch-bark canoes manned l*y Indians, the relation of the canoe to 
the birch tree was obvious. Even in that f ur-off and simple time, 
however, the problem of securing suitable material for the arrow¬ 
head with which the Indian tipped his shaft was by no means simple, 
and its solution frequently involved long journeys and the use of 
diverse materials. The Indians of what is now New England evi¬ 
dently used the black flint from Mount Kineo T but Middle West In¬ 
dians used obsidian, much of which probably came from the Yd low- 
ftone district. Indians along the lower Colorado River made myri¬ 
ads of arrowheads from flint cobblestones, very like those which 
practically cover the surface of the ground between Kingman and 
the Grand Canyon, Florida Indians used colored silica, most of 
which is pseudomorph after oyster shells and corah uihI in some 
parts of the West there may be found arrowheads of petri fled wood- 
The southeastern pari of the country abounds in heads made from 
white quartz or quartzite. 

In a word* the Indian on the warpath, like all other Imlligerents 
before or since, found his warlike activities conditioned and deter¬ 
mined by the natural resources of his environment and his own ■ 
technical ability to make use of them. He fought with flint arrow¬ 
heads over beds of coal and iron ore bemuse he knew nothing of 
smelting iron, and so. for his military purposes, the continental 
reserves of coal and iron ore were nonexistent. 

In the same measure that our present civilization exceeds in com- 
pJexity the primitive life uf the savage do the requirements of 
modem warfare bring new demands which strain all (he resources 
of that civilization, and may even, os we ha\e witnessed, strain them 
beyond the breaking point In the last analysis the capacity of a 
nation to wage war is determined by the natural resources available 
to that nation and the technical ability and productive agenci® 
which it can utilize in their conversion into military supplies. 

We all recognize the fundamental importance in this connection of 
such basic natural resources as coal and limestone and iron ore, hut 




212 


AS3TUAL HSPOHT S MIT BSO STAN I^'^TITI'TltUT. 1010. 

ire muy overlook the fact that the addition of a small j>ereeningi> of 
tungsten to the steel of cutting tools may multiply by four the 
output of a mechanic making machine-gun parts. It was not imme¬ 
diately obvious that the success of a gas-mask program and all the 
of * failure of tlmt program might hinge on t he supply 
of coconut shells from which to make absorbent clmrcoal. Only 
recently has the atmosphere become our most reliable source of 
nitrates. Seaweed might lie regarded as a negligible resource from 
the military standpoint, hut the war called into being at Sun Diego 
a vast plant producing from Pacific kelps iodine, potash, and u whole 
-s?ries of organic solvents required in the powder manufacture. The 
niitsiiruatu plant, from the bark of which the Japanese make their 
paper, is less belligerent than a humming bird, but it contributed 
(he 'VMtfwiOO paper parachutes with which our star shells were pro¬ 
vided- Nearly tjOO.OQO Chinese Xuchwang dogs gave up their hides 
and fur lo keep rnir aviator mmn, and millions of Australian 
rabbits “went west" because their furry coats were needed to make 
the hats our soldiers wore, lie do not go to a gun store for bird 
seed, but bird seed is none the less a military supply. Tim Signal 
Corps trained 15,i>n0 carrier pigeons for service in France, and tons 
of Argentine corn, pop corn, millet, and Canada peas were shipped 
to feed them. Incidentally, it may be said that the pigeons delivered 
over tk> per cent of nil the messagesIntrusted to them. 

To a layman like myself it logins to lie apparent that sny consid¬ 
eration of the relation of raw materials to military supplies involves 
some extension of commonly accepted notions as to what military 
supplies really are. 

At the beginning of ID ID the catalogue of Army supplies com¬ 
prised 1:20,000 separate items. On the day the armistice was signed 
nearly 8,000 manufacturing plants In the country were working on 
ordnance contracts, and the estimated total <Wnf ordnance alone 
for the equipment of the first 5,000,000 American soldiers was be¬ 
tween $12,000,000,t*N} and $13,000,000,000, and involved expenditure 
at a rate which would pay for a Panama Canal every 30 days. The 
Wool Administrator did a business of $2*500,000 a day, \od the 
tnbd purchase* of wool reached $504,000,000. The war demand 
absorbed substantially all the wool in sight, leaving practically 
nothing for civilians, and t his shortage was felt with varying degrees 
of acuteness by all the belligerents. In fact, the only country in the 
world that had nn excess of wool in November, ID18, was Australia, 
which was surfeited with an accumulation of q billion pounds, to 
export which no shipping was available. Twenty-two millinn blan¬ 
kets were provided to keep our soldier* warm, and 100,000,00(1 wards 
of Melton cloth for overcoats and uniforms. In the Chicago district 
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atouo hundreds of shirt factories were making flannel shirts on 
Government contracts, and throughout the country some 4,(KM) in- 
sjjeetors were assigned to garment factories. 

Of cotton textiles we procured in all over 800,000,000 square yards. 
I lie figure is impressive as it stands. It becomes prepostcroua when 
a brief calculation shows that if laid out in a 1-yard width 55 globes 
the size of the earth might be placed upon it. Among the items which 
make up the total were 100,000,000 yards of denim, 120,000,000 yards 
of webbing, 140,000,000 yards of gauze, and nearly 300,000,000 yards 
of cotton duck. An especial interest attaches to cotton webbing be¬ 
cause of its very general substitution for leather in countless details 
of equipment, as cartridge belts, suspenders, gun slings, and horse 
bridles. So great was the demand that ultimately 150 plants were 
engaged in webbing production, and there was a very serious shortage 
throughput the war of machine knitting needles for webbing, hosiery, 
and gloves, these needles having formerly been made in Germany. 
As an example of the relation of design to emergency production it 
may pointed out that there were not enough machines in the 
United States to knit onedenth of the seamless woolen gloves re¬ 
quired, in consequence of which the gloves had ultimately to be rede* 
signed and made from knit fabric, cut to pattern and sewed. These 
did not wear well, and it became necessary to supplement them with 
another glove of canton flannel with a leather palm to be worn outside 
the woolen glove. 

In the variety and multiplicity of its applications to military 
requirements cotton stands forth os a basic raw material comparable 
at least in its importance to steel. It was ubiquitous and protean. 
It flowed in an unceasing stream through thousands of factories and 
plants to reappear in camp and Add and hospital ns underwear, 
clothing, tents, bed rolls, and sheeting; barrack bags, coal bags, and 
mail hags; cargo and wagon covers; mask fabrics, tire and hose 
fabrics. It functioned high above the field of battle as balloon fabric 
and the cloth for airplane wings. It constituted the base of all nur 
smokeless j*>wder and of the dope for airplane wings. It supplied 
both the base and the coating material for the artificial leather 
essential to automobile construction. To the surgeon ami the 
^ wounded man it was indispensable as gnuae, absorbent cotton, and 
collodion, and for them it provided in one year 574,000,000 yards of 
bandages. Supplemented with rtibk-r and paraffin, it insulated the 
40,000 miles of outpost wire required to satisfy the monthly needs of 
the Signal Corps. Hie millions of steel helmets were lined and 
meshed w ith cotton twine. In the form of celluloid film cotton bore 
the countless pictures which carried information of vital importance 
and registered the story of the war. 

12573*—£1-I s 
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Tho millions of poimds of smoke le.^ powder produced ouch day 
in riorermnent and private plants wen? not made from staple rot km, 
but from the shorter cotton linteiu together with the very short 
rd'HTs adhering to the cotton hull* and our production of propel hints 
thus made no demands upon the store of cotton suitable for textile 
purposes. 

Before leaving the textile fillers we may, to hold our subject to* 
gether, mention that 21^GOO T fK)ft buttons were required in one year 
for Army shirts alone. Their raw material was ivory nuts, imd 
the waste was converted into charcoal for the gas-alnsorbing can¬ 
isters of the gas ma^ka Only it very' dense and hard charcoal func¬ 
tioned adequately > and for this we at first depended upon coconut 
-kills. Our deznaiwls quickly rose, however, to about five times 
the entire coconut production of the tropical Americas. Cohune nuts 
were next utilized, and from them the exigencies of gas defense spread 
the demand to peach stones* ivory nuts, olive and cherry pits, and 
even to Brazil H where the nuts come from-” At one time there were 
on tho rails 100 carloads of peach stones and similar materials mov¬ 
ing to the carbon plants. We made in all 51 million gas masks, and 
the failure in supply of such a thing as coconut shells might have lost 
the war. 

The American soldier was blessed with a goad appetite and ate 
nearly three-quarters of a ton of food a year. Ho onmnimed during 
the war period aver 1 ? COO,OO0 T 0fifl pounds of flour and Et&fimsm 
pounds of beef, and wo must not forget that behind the flour milk 
rtood vast wheat fields or that only wide cattle ranges could daily 
fill the stoebyank. We may omit the other imposing items of thn 
gigantic meal, for which the total hill was orer $700,000^000, but it 
should lie noted that in it were included tho widely varied contents 
of tin cans to the number of more than a billion. The tin can in its 
humble way murk the range of civilization, and he who has gone 
beyond the hurt tin can is an explorer of the unmarked wilderness, 
It defines equally the range of armies and the penetrating influence 
iYt the Standard Oil Co. In the same sense that Napoleon's armies 
tra veled on their stomach modem armies mark their progress by the 
tin cans they leave behind. It is significant, therefore, that the Fmted 
States normally consumes about 7<> percent of the worlds produc¬ 
tion of tin p to which it contributes practically nothing, and half of 
this production goes into tin plate. As Germany neither produced 
nor could secure tin she was forced to substitute cardboard containers 
or to report to dried foods. 

One bakery had a capacity of 500,000 pounds of bread a flay* and 
contract* were made for 15,000 complete rolling kitchens, including 
rpf course cooking and camp iitemdk, with which may be mentioned 
the inconspicuous item of 10,34^,000 spoons. Even less pretentious 
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iis ft military supply, but of substantia! importance is the garbage, 
fmm which the British extracted glycerine at u saving of $1,000 ;i 
ton. 

To furnish drinking water on the march provision was made for 
29,000 drinking water carts, in many of which the water was carried 
in canvas hags, while to remove delinquent members of the soldier’s 
dental equipment the horrors of war were increased by the activities 
of more than 47jl)00 teeth-extracting forceps. The other side of the 
pict ure may bo indicated bv the solace it (Forded by shipments of a 
monthly average of 20,000,000 cigars, 425,000,000 cigarettes, and :t 
mlion of randy which involved 3} million pounds in a single month, 
liven chewing gum fount! its place as a military supply of recognized 
and great value on the march us a substitute for water. 

The building program forced Upon us by the war involved thou¬ 
sands of structures to meet the m«vst diverse requirements and a 
far greater expenditure than that of all the construction operations 
in 150 of our largest American cities in any single year. Sixteen 
complete cities, each ready for 40,000 inhabitants, and 10 tent camps 
were completed in less time than it takes to build an ordinary subur¬ 
ban dwelling house. In little more than a year new housing had 
been provided for a population equal to that of Philadelphia. 
Forty bed hospital wings were erected, painted, equipped, and 
plumbed in 10 hours. At Nashville. Term , and at Nitro, near 
Charleston, W. Va., vast industrial plants, designed in the OHO case 
for the production of l/tOO.OQO pounds and in the other for an output 
of 625,000 pounds of smokeless powder per day were built, equipped, 
and put in operation with extraordinary speed. 

Houses went up to (lie value of §2,000,000 a day. All this means 
a flow of construction material without parallel in (he history of 
the world. Lumljcr and wall board, window glass and roofing, 
nails by the billion, brick and cement and structural steel—all to a 
total of millions of tons—look their place in the finished structures. 
All the factories in the United Stales cotfld not meet the demands 
for metal piping. But (he ranlonmcnts were merely an incident 
in the ha tiding"program, which included also enormous powder 
plants huge terminal docks. Warehouses and storage depots cover¬ 
ing almost MO acres, hundreds of miles of railroads, proving grounds, 
arsenals, chemical plants, and more than a thousand aides of road. 

The supplies required for the health, comfort, and diversion of 
our troops were of the most miscellaneous character, ranging from 
raincoats, dickers, and 4,000,000 pairs of rubber hoots to fare for 
the Siberian expedition. They included 200,000 sheets of band music 
ami 143 < MW) musical instruments. Tim requisition for 500,000 pi] lows 
disclosed a shortage in feathers, and after the ducks in the United 
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States liad made their contribution it was not even possible to secure 
an adequate supply from China. Jam brought variety to the soldiers 
ration, but this B&fiQftfiQQ pounds consumed curries a suggestion of 
monotony. Fifty-nine factories in the United States operated at 
emergency $pced to supply the 9|- million brushes needed, mid China, 
Indin, Itussin, and Siberia were drawn upon for bristles. The 
45,000^000 safeLy razor blades constituted a minor, but essential item 
of supply anil recall the story of the negro trooper* who, finding a 
safety razor in the comfort bag which ho received from some well- 
intentirmed organization, was heard to remark* wonder what 
damn pacifist put that in*" 

Hospitals with 260,000 beds were made ready and available in 
France* and the amount actually spent for medical supplies was over 
$370,000,(XHX A single item covered 300,000,000 tubes of iodine- 
potassium. In one month there were shipped 05 tons of surgical in¬ 
struments to France, and during the war over IjMjfrM) clinical ther¬ 
mometers were supplied. It is interesting to compare the estimated 
medical requirements of an army on a peace and war footing, a peace 
quota of 500,000 men being adequately supplied with an expenditure 
of about $O^00*(HX>, whereas on the war basis 5,000,000 men necessi¬ 
tated an annual expenditure of nearly In other words, 

the expenditure per man is about three and oiicdmlf times as great 
on the war basis as during a period of pence. 

The problem of transportation of military supplies is obviously ns 
important as that of their procurement. It is ct matter of common 
knowledge that the railroad facilities of the country broke down 
under the strain imposed upon them and have, in fact, not yet re¬ 
covered therefrom. However this may Lo, transportation from the 
terminals to the front must in nearly every case depend ultimately 
upon motor trucks, and of these the army hud in the hitter part of 
1918* 65,000. Had the war lasted until July 1,1919, there would have 
been in commission 185/)00 trucks, £0,000 motor ambulances, 40,000 
passenger tare, and 70,000 motor cycles. To them gasoline, of 
course, ^Jood in the relation of powder to the gun anil was latterly 
consumed at the rate of about 200,000 barrels a month, includ ing 
that assigned to Army planes. For these there was provided a spe¬ 
cial redistilled gasoline, known as “237 a Fighting Xaphtha,** which* 
to avoid waste and misuse* was dyed red. 

However one may feel about the horse f the mule is generally re¬ 
garded os raw* material. In two years the Army purchase of horses 
were over 300,000, and more than half as many mules were brought 
into service. For these fodder, feed* and veterinary supplies wen? 
obviously required in great amounts, and the former were, of course, 
derived directly from the soil. 
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The chief materials lor smokeless powder are cotton lintcra, sul¬ 
phuric and nitric acids, and various organic solvents, as, for example, 
acetone in the cose of cordite. The shortage of cotton, which early de¬ 
veloped in Germany, forced that country to substitute for cotton 
chemical ly-prepared wood fiber. A wider range of raw materials 
is available for the production of high explosives, in which are 
utilized toluol, phenol, and aniline among organic compounds and 
sodium nitrate, sulphuric acid, nitric acid, and ammonia liquor among 
the inorganic substances most directly concerned. Nothing in the 
record of American industry is more striking and creditable than 
the enormous expansion of our output of explosives to meet the exi¬ 
gency of the war. In IB months our production of propellants was 
632,504,000 pounds, an amount practically equal to the combined 
production of the British and the French. During the same period 
we made over 375,<®®0 pounds of high explosives. 

The sulphuric acid concerned in such production is made from 
pyrites or from sulphur. The greatest producer in the world at 
Ducktown, Tenii-—utilizes, by subsequent oxidation, the sulphurous 
acid in its smelter fume. Many domestic plants depended upon 
pyrites from the Bio Tidto district in Spain, and tins supply uus 
quickly shut oil by the war. We have, however, in Lomakina and 
Texas the greatest known deposits of sulphur in the world, and these 
were largely drawn upon. The danger of a highly localized supply 
was emphasized when early in a destructive storm crippled 

the Louisiana producer?, but fortunately the damage was repaired 
before the acid makers were affected. 

Cold iii practically the only source of toluol, from which it is rnm- 
monly derived through the agency of by-product coke ovens. In 
1914 "|| ie t, h <,il toluol capacity of such ovens in this country was only 
about 70U,IXX) pounds a month, and the necessity for a greatly in¬ 
creased supply for conversion Into trinitrotoluol or T, N. T. pre¬ 
sented one of our greatest and most pressing problems in raw mate¬ 
rials. tfo well was it met, however, that by April, 1017, our produc¬ 
tion had risen to 6,000,0® pounds a month, and this monthly output 
was doubled by November, 19 IS. Much of this increased supply was 
due to the expedient of stripping city gas by washing our the toluol, 
and additional supplies were secured by tile development of methods 
of cracking petroleum oils. 

Trinitrotoluol was early recognized as perhaps: the most impor¬ 
tant of the high explosives, and the courage and initiative of our 
private manufacturers brought our production up to 10,000,1® 
pounds a month. Meantime two great Government plants were 
built ■ one at Ilacine, Wis.. with a capacity of 4,000,000 pounds a 
month, and the other at Giant. Calif., designed fur 12,000,000 pounds 
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a month. These did nut, however, become actual factors in produc¬ 
tion. In addition to its widespread use in high-explosive shells 
T. X, T r figured lx>th spectacularly and effectively in airplane bombs, 
some of which carried 500 pounds. 

Of phenol—also a product of the distillation of coal—the base of 
trinitropbetioi or pit-ric acid, our monthly production! was rai*- i 
from CTOyKN) jKiunds upon otir entry into the war to l3 f QtitiJLH)0 pounds 
n iftonth 19 months biter, nnd of this a considerable proportion was 
produced synthetically from benzol. 

Picric acid, which is made from phenol by treatment with nitric 
and autphurie neids, constitutes the chief explosive used by the 
French, who found it necessary to cull upon us for vast aim-units and 
in response to this demand our production rose in 12 months from 
Ct)flj500 pounds a month to ll t 3t>0 r Q00 pounds, an increase of 2,000 
] -er rent* Our own Government authorised the construction of three 
picric acid plants, each of n monthly capacity of 141 million pounds. 
Only one, however, went into production before the signing of t he 
armistice. 

The raw-material relation of ammonium pierate is obvious* m is 
that of trtni nitron inline, which we produced in quantity for Ttiissia 
for the loading of boosters and fuses. Tetryl or tetmnitroilimethyl- 
nniline was only used as a loading charge for Waters, bin was* 
however, being turned out at the rate of 160,000 pounds a month when 
the armistice was signed. 

All this vast production of explosives was 7 of course, conditioned 
upon the maintenance of an adequate supply of nitric arid, which 
Essential bad formerly been derived from Chile in the shape of sodium 
nitrate. A gigantic program for the fixation of atmospheric nitrogen 
in various combination* was thereupon conceived and pressed into 
execution, At Sheffield, Ala.* a great plant for producing ammonia 
by a modification of the Halier process was just coming into produc¬ 
tion at the signing of the armistice. The eyanamid process waa 
installed on a grand scale at Muscle Shoals, Ala,* which was shirting 
product ion at the time. Elsewhere the Bucher process of mak¬ 

ing sodium cyanide was under development. On November 11. 1918, 
the total producing capacity of t he country for ammonium nit rate 
from all sources* including Muscle Shoals and Sheffield* was 2OJXh.k0OO 
pounds it month. 

Among the most notable of the great constructive operations of 
the war must l*e mentioned the Old Hickory plant for smokeless 
powder at Nashville, Term.* the- somewhat smaller but still vm-i plant 
at Nhro, and the cnonuou* expansion of private plants, os that of the 
du Fonts at Hopewell. Van The Old Hickory plant was self con¬ 
tained and comprised nine complete powder lines* each of n capacity 


NATUTtAL HESOUHCES—LITTLE, 


210 


of 100,000 pounds a tiny. It covered 5,000 tie res, involved the con¬ 
struction of a city of 20,000 people, uud cost iu till some $90,000,000.. 
There the War Department found itself engaged in building 
churches. The Xitro plant had a daily capacity of (525,000 pounds. 

The United States was the only combatant to use nitro starch, 
which was employed in the loading of hand and rifle grenades anil 
trench mortar shells, Reference should also lie made to the utiliza¬ 
tion of mercury in the explosive program through its employment 
as mercury fulminate in detonators and primer charges. 

In addition to the immense amounts of steel required by the Xavy 
for ships, armor, and guns of oil sizes, the Army ordnance included 
various types as follows: Two-man 37-mil I hinder cannon, mobile field 
guns of 75-millimeter caliber, 155-millimeter howitzers, 4.7, 5, 0, 8, 
and 10-inch field guns, and 12 and 14-inch rifles on railway mounts. 
All these were required bi great numiiers—thousands of the smaller 
arms and hundreds anti scores of the larger. Preeminent as we Lire 
in the steel industries, all the facilities of the country were inadequate 
to realize the gun budding program. It was. therefore, to be Supple¬ 
mented bv a vast ordnance plant, greater Hum the Krupps, on Neville 
Island in'the Ohio River near Pittsburgh. This was designed to com¬ 
plete each month 15 great 14-incli guns and simultaneously to carry¬ 
forward toward completion hundreds of others, while turning out at 
the same time 40,000 projectiles monthly. The plant was equipped to 
build 10 and even 18 inch guns, the latter weighing 510,00(1 pounds 
each Wort on this gigantic construction project was suspended at 
the signing of the armistice and was abandoned soon thereafter. 

The amount of steel required for artillery is well indicated by our 
replacement agreement with France, under which we supplied for 
nrtillerv furnished 6 tons of steal ter each 75-millimeter gun, 40 tons 
for each 155 -millimeter howitzer, and GO tons for each 155-null.meter 
gun There must also be considered the immense amount of ma¬ 
terial tier! un in machine tools and special steels required for the 
fabrication of guns, rilles, and projectiles. In fact, the machine toot 
supply was never adequate, and the most drastic measures were insti¬ 
lled in its requisition- ,, . , 

It i B interesting to note that it takes 10 moutlis to build a 14-inch 
eun the life of which at the normal rate of firing is 150 shots before 
ivlinin" Since each shot is es«0ted in one fiftieth to one thirtieth 
of u second, the actual life of the gun in the actual performance of 
its function is oi.lv 3 seconds long* For instantly destroying the 
effectiveness of captured cannon we used thermite grenades for 
fusing their firing me c ha nism . 

'IV steel for gun manufacture must obviously be of the highest 
quality and finest grade ter its intended purpose and is often an alloy 
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s tfi*eL like uiefeel steel. It is smelted in open-hearth furnaces, the 
charge fur ivbich consists of pig iron and selectd! scrap, ()ver 
21^00 workmen were employed in big-gun const met inn nnd as many 
more in the fabrication of gun carriages and fire-control instruments. 
Each carriage* moreover, in the case of mobile guns, required a shield 
of armor plate. In 1!>1S we pnxiueed over 8,-I^JO cannon forgings. 
As regards the effective weight of the guns themselves, it is significant 
that the 800-poimd gun of nickel steel of 1918 fires ns heavy a projec¬ 
tile as the IjftaO-ptiuiid bronze gtm of the Napoleonic wars. 

Ea<]i gun required an immense amount of heavy equipment, 
mostly«of course, of steel in the form of limbers., caissons, auto trucks 
ami tractors, caterpillar mounts, and other devices. Euch 135- 
millimeter howitzer involved some 2(H) items of miscellaneous equip¬ 
ment* as air and liquid pumps and tools. All this required the eree^ 
tion of great base repair shops—in themselves larger than some pro¬ 
ducing arsenals. 

The extraordinary development of barrage fire by which the war 
was eh a Factorized was? conditioned on the use of thousands of deli- 
i ate and accurate sighting instruments and involved the expenditure 
l>! ammunition in quantities hitherto unknown* The Union Army 
at Gettysburg fired 32,7si rounds. The United States fired at Sl 
M itmd over 1,000,000 rounds and the British at the Somme 4,000,000 
rounds In the Civil ^Var Union artillerists fired 4 rounds per gun 
[wr day, whereas from January 1 to November 11, 1918. tht average 
for American gifts was 30, for French 34, and for British 35 rounds 
per Jay. 

As to -hell production, we turned out prior to the armistice, and 
m the 75-mill imeter size alone, about 4} million high-explosive 
shi'lL, one-half million gas shells, and over 7] million shrapnel, 

The various sorts of grenades made, of course, wholly different 
demands upon raw materials for their construction. The defensive 
or fragmentation type was made of malleable iron; the tdTensivo 
grenade had a pajier shell, its purpose being to kill by the concussion 
of the charge; gas ami phosphorus grenades were formed of sheet 
metal ami the thermite shell of terue plate. And there were also 
incendiary and rifle grenades. About 23,000,000 of all kinds were 
produced by November, 1918, but only it small proportion—less, 
indeed, than -1 per cent—were loaded. Contracts had been placed for 
C,H,iN 10,000 of the defensive type alone. 

At the time of the armistice the standard equipment of a division 
called for 360 heavy machine guns and 763 light automatic rifles, 
and the total of automatic arms made on army orders alone in the 
United States and t’anadu was over a quarter of a million. About 
32.000 Lewis aircraft guns were completed. Tt was found nucos- 
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saiy to provide over 280,000 rounds of ammunition per machine -run 
in the field during ils first your of service. 

It will be remembered that the question of shoulder rifles orcn- 
sEaned much discus.-ion and concern, but the United States DL-vctthfi- 
less liuift in ID months over two and one-half million of the^e weapons 
add about 750,000 pistols and revolvers and turned out in the sumo 
time nearly -Unh),(MH.Mkjo rounds of small arms n mm unit ion. including 
that for machine guns- In view of these great figures it is interest¬ 
ing to consider them with respect to the materials concerned in the 
make-up of some of the units of this unmnmition. 

The ordinary service cartridge consists of a brass cartridge case, 
a primer with a primer charge of sulphur, chlorate of potash, anil 
antimon y sulphide, a propelling charge of sum teles powder, which 
refers at once to cotton and the fixation of atmospheric nitrogen, 
and finally, a bullet with a cu pro-nickel jacket and a lead slug or 
core. The production, therefore, of this single small object involves 
nur reserves of copper, zinc, nickel, lead, and antim ony among the 
met ids; the Louisiana or Texas sulphur deposits; potash, as to which 
we were experiencing a famine: water power to convert by electro¬ 
lysis potassium chloride to the chlorate; and finally, cotton liliters, 
Sulphuric and nitric acids, various organic solvents, and even the 
fixation of atmospheric nitrogen. Since there was a shortage in 
cupro-nickel, which b a hard alloy of the two metals, it might have 
1 amine necessary to have jacketed the bullet with copper-coated 


steel. 

The armor-piercing bullet had a cupro-nickel jacket lined with a 
thin lead mat, and the core was of specially heat-treated alloy steel. 
Tracer bullets, of which 5,000 /nh} were produced, had a cupro¬ 
nickel shell with a lead core in the nose and a rear chamber charge 
of barium peroxide and magnesium, the latter being an electno 
furnace product The shell of the incendiary ballet was the same, 
l.tit it carried phosphorus in the nose, had a lead plug, ami a special, 

low-melting solder. . . „ , _ , 

The trench mortar from the 3 inch Newtoa-Stokes to the 2-lu- 
millimttcr was an interesting and highly effective development of 
the war The 3-inch mortars and the shells used therein were both 
made of steel tubing, and for the latter alone about 2,700,000 
of such tubing were made. Shells for the b ind, mortars were of cast 

iron and made by stove manufacturers. 

The revival of the use of armor, which, of course, requires for its 
fabrication allov steel of the highest quality, was no less significant 
and interesting Good alloy steel 0.036 inch thick proved effective 
djtnhKt pistol "bullets, and French hospital re-rorda show that 70 to 
SO per cent of the wounded soldiere received were injured by mis- 
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sdf® or abell frsiytiiyiit-s wliich armor like this would have stopped. 
The Germans made much use of body armor, and our own Govem- 
nient went to the great art galleries for special Uts in armor in. its 
effort to produce helmets affording the utmost measure of protection. 
Our highest ambition was to rival the product uf the best armorers 
of the Middle Ages, over whom we hud a great advantage in the 
superior qualities of modern special steels. Steel containing much 
manganese was found last adapted to use in helmets and was used 
also in the British helmet. Of 7,000,000 helmets ordered we recei ved 
S,i 00,000. Tt is curious to note in passing that line sawdust played 
an important part in their production, the helmets, after Ijelng first 
painted, receiving, while the paint was wet, a coat of sawdust from 
a blower, after which the dried and roughened surface received a sec¬ 
ond coat of paint. The purpose of this treatment was, of course, to 
break up and dissipate reflected light. 

Perhaps tlus most striking offensive development of live war was 
the employment of toxic gaaes and latterly of toxic smokes. These 
guscs were of many sorts, but chlorine was the one first used by the 
Germans in their attack in the Yprca salient in April, 1915, and this 
was so disastrous in its effect that had it been followed up, the Grr. 
mans could undoubtedly have gone through to the coast with prac¬ 
tically no Opposition. The Germans in their earlier attacks dis- 
charged the gas from great numbers of cylinders placed within the 
trenches, and the direction and velocity of the w ind determined the 
possibility of a gas attack. Both the Germans and the Allies, there¬ 
fore, quickly resorted to the use of gas in shells, while the Allies de¬ 
veloped the extremely effective Bivens projector, which, tiring simul¬ 
taneously sometimes to (lie number of hundreds, discharged upon a 
localized area gas-filled drums about 24 inches long and H inches in 
diameter. Their effective range was about a mile. Much gas was also 
thrown in hand grenades. 

Field experience and the conditions imposed by quantity produc¬ 
tion soon narrowed the number of available gases to relatively few, 
and of these phosgene was one of the most toxic. Certain thermo- 
chemical considerations led to an ingenious modification of the 
method of production, and phosgene was produced in great amounts 
by passing a mixture of oxygen and carbon dioxide over hot coke 
h, pus pi oducers and thereafter sending the carbon monoxide thus * 
formed through catalyzers, together with chlorine, which, combining 
with the carbon monoxide, produced phosgene. 

The chief seat of poison-gag manufacture in this country, though 
its production was largely supplemented elsewhere, was Edgewood 
Arsenal, which, producing its cblori&a by the electrolysis of a solu¬ 
tion of common salt, had a phosgene capacity of 20 tons a day 
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Chlonjpkrin also played au important part m gas warfare and 
Wits produced at Edgewood to the amount of 2,320,000 pounds, Llie 
maximum amount actually produced in one day reaching 31 tons. 
It is made by treating calcium picrate with bleaching [rowder ami 
steam and thus involves as liltimate row materials limestone for 
making lime, bemud produced from coal in by-product coke ovens, 
and nitric and sulphuric acids for effecting the conversion of benzol t< t 
picric acid. Coal is again, of course, involved in the production of 
steam, and for the bleaching powder we have to turn once more to 
limestone for the lime and to chlorine resulting from the electrolysis 
of suit 

Perhaps the most generally effective of all the substances used in 
gas warfare was dicbloroethylsulphide, or mustard gas, produced bv 
blowing gaseous ethylene into liquid sulphur monochloride. Ethy¬ 
lene is a produet of the destructive distillation of coal in gits works, 
hut in this case was made by passing alcohol over hot kaolin. Sul¬ 
phur is, of course, a basic resource, and, again, the chlorine comes 
through the electrolytic decomposition of common salt. 

At the date of the armistice Edge wood was making 8(1 tons a day 
of mustard gas and other great plants were building—all to u total 
daily capacity of 200 tons. The military importance of the material 
may be judged by the fact that ut one time proposals were under dis¬ 
cussion for ail output of 1,400 toms a day. 

Since the Germans introduced mustard gas, it is pleasant to be able 
to say that we ultimately greatly outdistanced them not only in the 
efficiency of the process itself, but in the amount and rate of produc¬ 
tion, which last was finally ten times that of Germany. 

As the wearing of a gas mask, particularly of the curlier types, 
greatly reduced the efficiency of troops and tended to lower their 
morale, substances which forced the wearing of the mask proved 
highly effective. They were known as tear gases and involved bro¬ 
mine as an essential constituent. Our domestic source of bromine is 
certain subterraneous brines, especially those alaitit \1 id land, Mich., 
and a bromine plant was built with an annual capacity of 630.000 
pounds of this element- 

The tear gas adopted by us was brombcnzvl cyanide, and a single 
shell thus loaded could force the wearing of masks over an area so 
extensive that from COO to 1,000 phosgene shells would be requires] 
for the same effect- The compound itself was made by chlorinating 
toluol.thereby forming benzyl chloride, which was mixed with sodium 
evanide in alcoholic solution and distilled with the production of 
licnzvl cyanide. Finally, this was treated with bromine vapor. Thun 
the production of this single compound involves the electrolysis of 
salt to obtain chlorine, the distillation of coal for toluol, the bringing 
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together of ijodn, iron, tmtl nitrogen to react for the formation of 
sodium cyanide,, the distillation of grain or motors or sugars derived 
sodium cyanide, the fermentation an ! distillation of grain or mohmses 
or sugars derived from wood waste for alcohol, and the extraction of 
bromine from deep-well brines. 

We shipped to Europe in bulk of all these gases 3*662 tuns, to¬ 
gether with IB,60(J Livens drums loaded with phosgene. Edgewoial 
was, moreover, a filling station with a filling capacity of nearly UW 
tuna of gas a week or one million two hundred thousand 75-milli¬ 
meter shells per month for the time being* with extensions under 
way to double that output. The Edge wood production of filled 
shells was, however, greatly restricted by the failure in deliveries 
of shells and boosters* only SClOjOOO of the former and SMhtitX) of the 
hitter being available monthly, 

Thu demand for pyrotechnics, including signal rochets, parachute 
star rockets, flares, smoke torches, mid 20 styles of star shells to the 
number of several mi I Hon in all, strained the producing capacity 
of the country to the utmost and involved the production in large 
amount of many special materials. Phosphorus, for example, was 
largely used in smoke shell, as was also stannic chloride in the smoke 
funnels of the navy. Magnesium was required in great amount for 
wing tip Hares for the night landing of airplanes and for ground 
flares. The airplane flare for night bombing carried 32 pounds of 
magnesium, was suspended by a silk parachute* and burned for 10 
minutes with a power of 820,000 candles* 

The development of the airplane greatly extended the demand for 
military supplies* the chief materials entering into their construction 
being wood, sheet steel, wire, cloth, dope, and varnish. For the 
frames certain qualities of spruce are preferred* ah hough some 
species of fir tire 11 I 30 used. Wc took in all l80 t fW¥)^0f)D feet of air¬ 
craft lumber out of our northwestern forests* of which two-thirds 
went to the Allies, while one-thin! was used by us. The average 
plane utilizes less than IKK) feet from l*0fi() feet of rough lumber, 
but in the earlier production ns much as 5,000 feet of rough lumber 
per plane was consumed. In exchange for finished planes, we sup¬ 
plied the French with raw materials and parts, sending them u faint 
B5J n H K> feet of spruce, fir, and cedar, 7,000,(HN.) of mahogany or 
enough for 40^000 propellers, 4,000 tons of aluminum, much do|>e for 
the wings* hall bearings, steel* brass, copper* and alumiiium tubing* 
together with sheet metal of various sorts. 

The average plane requires 250 yards of fabric, ami some uf the 
larger over 5(K) yards* in addition to that needed for spare wings. 
Linen was the cloth first used* but with the cutting off of supplies 
from Russia and the Court mi district in Belgium, the stock was sewn 
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inadequate. A better doth mis thereupon developed in tins country 
from ion*; staple mercerized cotton, and over 10,000^000 yards were 
woven and delivered. 

At the time of tlie armistice the United States Imd contracted Tor 
more than If Ml ,000 aircraft engines, of which over &4jOO0 were Liberty 
engi tics, for which Ford was turning out 2,000 rough cylinder!,- n day. 

At one time the entire airplane program was jeopardized hy the 
limitations of the supply of acetate of lime, the source not only of 
acetic anhydride essential to Hie production of the cellulose acetate 
used for airplane dopes, but also of acetone required by the British as 
a solvent in the manufacture of cordite. In this situation Arthur D, 
Little, Inc., hud the satisfaction of developing in its laboratories 
two alternative ilopes which made no demand upon the acetate of 
lime supply. One had for its base cellulose butyrate, the acid for 
which was derived from Pacific Coast helps. The other used a solu¬ 
tion of zein, a protein existing in the germ of Indian com. In nil 
more than 1,300,000 gallons of airplane dopes were made In the 
United States. 

At the date of the armistice we had produced 11,751 planes and 
were making over 10,000,000 rounds of aircraft ammunition per 
month. 

Besides the high explosive Iwmlra used in aero warfare, interest 
attaches to other types, among which may Ik? mentioned the incen¬ 
diary bombs ami the dummy bombs for target pract ice. The former 
weighed 40 pounds each and were loaded with an oi I-emulsion- 
thermit mixture ami metallic sodium, the latter to nullify efforts 
to put out the fire by the use of water. Over 122,000 incendiary 
bam Sts were ordered, ami 60,000 were received. The demand for 
dummy bombs was even greater. These were mode of terra colt a 
at a cost of about $1 each. They carried a small charge of phos¬ 
phorus and n loaded paper shot-gun shell. On contact they emitted 
a puff of smoke to advise the aviator of the accuracy of his aim. 

Before leaving aviation supplies mention may well be made of the 
alloy resistance wire woven into the aviator's clothing to supply 
warmt h on the passage of an electric current. 

The war vastly extended and developed the old art of camouflage, 
and its practice made great demands upon burlap front India, which 
was used by the British and ourselves, mid upon rnOiu from Mada¬ 
gascar, which the French employed. Both materials were employed 
in strips, woven into fish net ami wire netting, and colored with an 
oil emulsion paint. Some types of battery positions required 4,000 
square yards of camouflage cover, and hangars and hospitals took 
great amounts. All told, we required for these purposes alone about 
3,000,000 square yards of burlap n month. 
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Out of the great multitude of miscellaneous supplies a few may 
be selected ns especially significant. We shipped abroad 2I/HV1 tons 
of stee 1 barbed wire. The Germans used in barbed wire a manganese 
steel which our first cutters could not sever. They hud, therefore, 
to Lte redesigned. We used over 5200,000 marching compasses and 
ordered 1] million trench knives with east-bronze handles. Piles 
were required by tens of millions, and more than 600,000,000 pieces 
of small hardware. A million currycombs, l^KtOO^i axes, TG^OOO 
lariats, and nearly ns many 5-foot steel measuring tapes were minor 
items of supply, as were a quarter million storage batteries for radio 
work and 71 million feet of moving-picture film- The balloon pro¬ 
gram called for 2PJfH)0l}00 yards of highly specialized cloth, which 
required the construction of thousands of looms and therefore in- 
creased the demand for steel- In four days of the final drive of 
our troops in the Argonnc district, the photograph sections of the 
air service mink and delivered JOOjMO prints from negatives taken 
above the buttle lines. Such service involved the problems of op- 
tical glass and all the details of photograph equipment. On Novem¬ 
ber 11, 1018, there were in France 282 American telephone exchanges, 
stations, about 15*000 telephone lines, and in alb 06,000 miles 
of newly constructed long distance telephone and telegraph lines. 
The Signal Corps requirements for outpost wire were rising to 69,000 
miles a month, and we were producing 40,000 miles. This was a 
twist of two strands, each com posed of four bronze wires and three 
of hurd carbon steel. They were stranded together, coated first with 
rubber, then with cotton yam, and finally, with paraffin. 

The brief and necessarily meager reference which has been made 
to a few of the more important or spectacular items of military 
supply in the wilt just dosed has had no other object than that of 
calling attention for the moment to the extraordinary range and 
volume of the demands made upon the resources and productive 
capacity of n country by military necessities. Our entry into war 
was not unlike the passage from one type of civilization to another* 
\\ e had. to accomplish in a few months a change jis profound a- that 
with which Japan was confronted in 1854 when Perry's ships rest 
anchor in the Bay of Tokyo. Thin new civilization was wholly alien 
to the old in its social conditions and in its demands upon the prod- 
acts of industry. It quickly taught us that troops eun tie organized 
and trained far more quickly than industry can bo revolutionized to 
supply their needs. And. as the Assistant Secretary of War, Mr. 
Benedict Crowell, from whose report much of these "data have been 
taken, says in his introduction thereto, ^The experience of ID IT and 
1018 was a lesson in the time it takes to determine typo, create de¬ 
signs, provide facilities and establish manufacture,” 


NATURAL KJSSOUM7BS — LITTLK. 227 

One iimy mid that it has also taught that no country is wholly self- 
contained us regards the materials essential to successful military 
operations. It must keep the sens open for the transport of supplies 
from other countries, as, eotispicuotisly in our own case, rubber, tin, 
manganese, graphite, platinum, wool, and knitting needles. 

it Ls in this connection instructive to consider briefly the position 
of Germany ns to natuml resource? at the liegi lining of the war and 
the part which natuml resources played in respect of Germany’s in¬ 
centives, aids, and inhibitions. These and other interesting relation- 
-hips are admirably presented in The Strategy of Minerals, pre- 
| n ro-J by members of the Geological Survey, to whom i imi indebted 
for the statistics which follow concerning mineral ■supplies. 

The greatest body of iron ore ill Europe w as shared by France, 
Gornumv, and Luxemburg. France was most favorably placed ns to 
actual reserves, but Germany had the advantage in mining rusts. 
France has no adequate supply of coking coal, while Germany has a 
great supply of the best coal of this type in Europe. Even now 
that the Lorraine ores and the Sfinr Busin coal have passed under 
French control the i*isition of Germany is not irreparably bad since 
ore commonly and naturally goes to coal- 

These minette iron ores of eastern France wore coveted by Ger¬ 
many. and had Germany in 1871 held Belfort and Verdun she 
would have had in her pCMesrion the whole iron-ore reserves of the 
Moselle Basin, and such possession would at least have removed a 
great incentive to war mid might well have made her invincible had 
she gone to war. 

In 1313 Germany produced n little more iron than France, Bel. 
gium. and the United Kingdom together. All four countries pro¬ 
duced 4ft per cent of the worlds output, to which Urn United States 
contributed 40 per rent in 1013, and in 1016 a little over fiO per cent. 
In 1013 three-fourths of the German ore mined in Germany proper 
came from an nosed Lorraine, and four- fifths of all the ore produced 
within the German ZoRventin came from Lorraine and Luxemburg, 

At the onset of the war Germany obviously aimed to cripple 
France Uv crippling the French iron industry, and her early control 
of the coal and iron of Belgium and northern Franco proved of the 
utmost advantage to her and did much to prolong tit- war. 

Nine-tenths of the iron ores mined in Franre came from the closely 
contiguous districts of lamgwy, Briey, nnd Nancy. Germany, there¬ 
fore at once invaded the Briey district and the Jxugwy district im¬ 
mediate! V thereafter. As n consequence, Germany in September, 
ipi 4 , held respectively, 0?, 83, 80, and 75 per rent of Frame’s ca¬ 
pacity for producing coal, iron ores, pig iron, and steel and was in 
complete control of the coal mining ami iron-making industries of 
■' Belgium. 
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ITnd Germany won and held the in incite ores of eastern h runce 
site would now be in possesion of 4 a per cent of the Iron-ore reserves 
of Europe and could have gup plied 77 per cent of her rajuiremeiits 
from her own ores* as contrasted with 66 per cent before the war. 
There has never hern a balance between German iron ores and coal, 
the excess bein'* largely on thy side of ooaL She had* however, access 
to the rich iron ores of Sweden anil through her alliance with Turkey 
to the chrome ores of Asia Minor. As A. G. Speneer, of the Geo¬ 
logical Survey* says: * fi Trulj- iron entered largely into the underly¬ 
ing strategy of Germany's attempted conquests: First, providing a 
reliable industrial basis for war; second, offering a means of quickly* 
disabling France: and third, proffering a grand prize in the minette 
ores oi Muerthe*etr Moselle* which if attained would insure indns- 
trial supremacy against nl! rivals*' 1 

Among mineral resources Germany’s monopoly was potash, and 
even this is now Likely to Lie broken with the passing to France of 
the great deposits of Alsace And the stimulus given to potash pro¬ 
duction in this country by the war. Even more significant is the 
fact that, except for coal* cement* and possibly zinc, Germany has 
always been forced to import mineral supplies to supplement the 
deficiencies of tier own production or reserves. As to essential war 
minerals* like tungsten;, nuLiigune.se, copper, nickel, tin* platinum* 
chromite, sulphur, and petroleum, German resources were either 
wholly Inadequate or totally lacking, M a necessary preliminary to 
any serious war Germany had therefore to build up through im¬ 
portation great stores of these war minerals, and it is highly sig¬ 
nificant to note that German importations of nickel* manganese, 
brass, sulphur* and tin showed large increases during the immedi¬ 
ate prewar period. For example, the average increase in the general 
trade of Germany with the United States was only about 7 per 
cent a year* whereas shortly before the war German demands upon 
us for war minerals and metals jumped suddenly an some cases 
several hundred per cent. 

Moreover* a few years ago, Germany, like ail the rest of the world 
outside of Scandinavia, was dependent upon Chile for sodium nitrate 
as a source of the nitric acid which puts the energy into explosives. 
In view of this dependence* and through fear of diminishing sup¬ 
plies* the attention and effort of chemists were directed to the atmos¬ 
phere as a source of nitrogen through fixation of this component 
as ammonia, nitrate of lime, or otherwise. 

Up to about 1910 or 1911 there was practically no fixation of 
nitrogen outside of plants in Norway and Sweden, but about I9l£ 
Germany* which had been experimenting with the arc process* had 
one quite large Haber plant in process of construction. In 1915 
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two htrgo GoTcmment cyamimid plants were started, though these 
were not completed until well into 1D16. According: to figures con¬ 
tained in the fin si report of the nitrogen products committee of the 
English Government, which was issued in January T 1920* Germany 
had a producing capacity in 1915, which carried through into 1916,, 
of 5(10,000 metric tons of cyanamich which is roughly equivalent 
to 90,000 tons of nitrogen. When one realizes the importance of 
nitrogen and its derivatives in military operations, one can see to 
what purpose Germany's early experiments in its production were 
directed. 

Germany did possess a highly developed by-product coke and 
dyestuff industry* with all its collateral advantages in the manufac¬ 
ture of high explosives from ttcnzuh toluol, etc., find she had a vast 
and highly organized and clastic industry, which is at least ns essen¬ 
tial to military success* as the natural resources and raw materials 
of n nation. 

Having thus in mind a few of the more salient features in the 
situation of our chief antagonist as to ultimate supplies, and keep¬ 
ing still la:fore us the compelling and inclusive demands of military 
necessity, let us consider briefly the more direct relationships of 
these demands to specific natural resources. 

Coal puts the bone in the teeth of battleships, and though jndro- 
Icnm may for a time mate the Imne look larger we shall ultimately— 
and it may bo soon— return to coal for driving power. It. energy 
turns the propellers of steamship*, transports, cargo earners, and the 
counties other vessels whose sailing orders are determined by the 
need* of war. It hauls foodstuffs, munitions, and raw mate nab. 
It smells ores converts hematite and Hmonitc to steel. It furnishes 
li-ht Bn d heat and power. Through its distillation coal supplies 
benzol, toluol, ammonia, and phenol for explosives; coke for carbide; 
acetylene and carborundum; graphite for electrodes an<l for Itibn- 
cuter and coal tar for dyes. The distillation of a ton of average 
co d yields 1.500 pounds of coke, 10,000 cubic feet of gas, 22 pounds 
of sulphate of ammonia, more than 2 gallons of benzol, and 0 gallons 
of tar Under the stimulus of war the output of our by-product coke 

ovens was increased to more than one-half the total coke output m 
1018 Such increase was highly important since it forms the basis 
for the coal-tar industries, including dyestuffs, high explosives, and 

synthetic drugs, as salvarsan. . . , . 

‘ f > prmJlll v has more coal than other Kuropean countries, but only 
one-eightl.' as much as the United States, which has 21 times us tnttdi 
ns Great Britain, Moreover, the output of British coal was for a 
time jeopardized by the lack of mine timers from die Baltic t K>rts. 
France ha* always depended largely upon Germany for coal and must 
12573*—21-10 
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si ill so depend, ulLliou^rJ j her control of the Saar Basin gives France 
about 18*000,000 tons of coal n year. 

Since coni is a basic raw material* without which no modern war 
could be fought ut all, it is gratifying to realize that not only is the 
United .States the greatest coal producer in the world, but that we 
also have the worlds greatest reserves of iron ore within tbe North 
Atlantic Bastn* where mir coal reserves are largely located. Ninety- 
six percent of the world’s reserves of coal are in the northern hemi¬ 
sphere: nliont- 70 per cent are in North America, and over 50 per cent 
in our own country. Onr production of soft coal in 1918 was over 
585/KHMKK) tons, an increase of 38 per cent over the output in 1914* 

Industrial preeminence and therefore military power rest on coal 
and iron. Together, these constitute 00 per cent of the world's min¬ 
eral output Of all belligerent countries the United States is the only 
one with well-balanced coal and iron reserves Ore goeg to the coal, 
and i he coal locations, therefore, determine those of industrial rle- 
velopnient^ ami markets ami consequently those of iron furnaces- 

Speaking generally, the limiting factor in coal production hi the 
number of empty cars which the railroads ceiii place at the mines, 
and our own coal troubles during the war were really due to the 
congestion of our railroads due to other freight. A similar conges¬ 
tion of transportation was experienced in all the belligerent coun¬ 
tries and emphasizes the need of avoiding coal transportation wher¬ 
ever possible. This has led to proposals for superpower plants at 
the mines in hngland and to greal plans for common-carrier t rails - 
mission lines for power in the industrial region along onr ow n North 
At hint it* coast. 

Before the war it was a common practice to haul the coni from 
one fi*ld over other coal fields and past the mouths of operating mines 
much nearer the ultimate destination of the coal so transferred. The 
toning system which we adopted put an end to much of this need¬ 
less transportation and led consumption to the territory nearest the 
producing field. Moreover* in a lime of war n consumers right to 
nny commodity mmt bo conditioned by the relation of hk activities 
to the national necessity, and the early recognitiori of this limitation 
led to the establishment of priority schedules covering coal and other 
essential raw materials. 

The railroads of Llie United .States use 27 per cent of the coal 
wo mine* nud they use much of it in transporting coal itself. To 
save transportation, there fore^ a system of rigid inspection was insti¬ 
tuted* for with crippled transportation facilities we could not affonl 
to haul slate and hone and dirt* 

Nowhere in the world does tliere exist another general storehouse 
of useful minerals comparable to the United States, but natural 
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resources in themselves have only potent in I mines, which require 
for their realization industrial skill, technical knowledge, great 
resencs of capital, and efficient transport at ion. We have been able 
to demonstrate that, with the exception of the lust, we ore in jx>si- 
tion to bring effectively to bear nil these factors so essential to 
quantity product ion. Even sis regards transportation we are, so 
far as tho steel industry is concerned, most fortunately situated: so 
fortunately, indeed, that tho Great Lakes waterway, which ]>ermit 3 
a transportation rate of less than 0.7 mill per ton-mile, may properly 
Ik? regarded ns the determining factor in our position as the world's 
greatest producer of iron and steel. In the decade ending in 1013 
we produced 248.000,000 metric tons of pig iron. The German out¬ 
put was 1*10,000,000, and the combined production of the T’nitcd 
Kingdom, France, and Belgium 154,000,000. Under the stress of 
war our blast and steel furnaces increased their output by 30 to 40 
per cent respectively between 1813 and 1010, thereby justifying the 
conclusion that the United States must now possess one-half tho 
steel-making capacity of the world. During the same period the 
British output increased 27 per cent. 

We have already had in the methods of fixing atmospheric nitro¬ 
gen an interesting example of the extent to which both the absolute 
and relative military position of a country limy lie modified by a 
new chemical process. An equally striking example is found in the 
metallurgy of steel. Tho original Bessemer process, using an arid 
lining in the converter, required for its effective operation pig iron 
with an extremely low phosphorus content. Thomas and Gilchrist in¬ 
troduced the basic converter process by lining the crucible with cal¬ 
cined dolomite and adding lime to the charge, dolomite itself being 
a mixed carbonate of lime and magnesia. They were thus enabled 
to operate on iron containing 2 per cent or even more of phosphorus, 
thereby making available the great reserves of ore in Sweden, ’Rus¬ 
sia, Central Europe, and Lorraine, and so introduced new and dis¬ 
turbing factors in the industrial, military, and diplomatic situations 
in many countries. 

The supreme importance to modern civilization of alloy steels in 
naval const ruction, ordnance, metal working, automobiles, and count¬ 
less other directions is too well known to require comment. Tins 
metals commonly used in these alloys are manganese, chromium, 
molybdenum, nickel, tungsten, vanadium, and latterly zirconium’ 
which finds its chief use in steel for armor plate and a rotor-piercing 
projectiles. Its ores come from Brazil, but the metal may be ob¬ 
tained from the zircon sands of tho South and from western mine 
tailings. The United States is well supplied with most of these es¬ 
sential metals, though there is a deficiency in ores of manganese and 
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chromium, our domestic urea being of such relatively low grade that 
their use would involve important changes in practice. Practically 
ail of our manganese, or 09 per cent, was, before the war, imported 
by our steel maker* from south Euasia, then from India* and finally 
from Brazil, but during the war we so greatly increased our domestic 
production ns to become for the time being nearly independent We 
were most fortunate in tiiis regard, for in modern steel making man* 
gunesu has become almost as necessary ns iron itselL 

Chromium is another of the most essential war minerals, although 
this is by no moans monopolized in steel making. Its use has revolu¬ 
tionized the tanning industry, and its compounds are much used in 
dyeing, particularly in the khaki shades. We have always produced 
a Little chromite here, hut the world's center of production was 
Turkey and latter lihoilesia and New Caledonia. Before the war we 
obtained our chromite chiefly from K Lodes hi and New Caledonia, It 
now comes from BimiL Cuba, and California, but our own deposits 
will soon be exhausted if worked at the war rate. 

Nickel is perhaps the most widely used alloy component of steel, 
if* presence conferring such baldness and elasticity that nickel steel 
is used for steamship shafts, armor plate, shells, structural -sled, 
and rails. The world depends for its supply upon Canada, whose 
reserves are estimated to contain l50 5 tftKUKK) tons of ore, an amount 
apparently sufficient to meet the requirements fur another century. 

Modern metal working, with all that it involves in the use of tools 
and Che construction of machines, may be said to rest on tungsten 
because of the greatly increased eJEdency of cutting tools of tung¬ 
sten steel, tlue to the fact that tungsten raises the temperature at 
which steel holds its temper* Tungsten ores are rare and widely 
scattered, the United States, Burma, Indo^China. Bolivia, and 
Portugal being the principal producers. The world's output is only 
about 25,lXX) tons of tungsten ores figured on the basis of GO per cent 
of tungstic oxide. These are smelted in electric fumaces for metallic 
tungsten or alloys like fermtungsten. Tungsten has a further and 
important ? although indirect, influence upon the efficiency of produc¬ 
tion through its use in maxda lamps, in which the tungsten filament 
functions so efficiently as to produce far more light with the same 
expenditure of current. It is interesting to note that nut only did 
Germany hoard tungsten before the war, but that the submarine 
DtufacMmui carried 55jGQ0 pounds of the metal from the United 
States- 

The universality of the use of copper both in war and pence needs 
no comment, and the greatly increased demand for the metal* due 
to the expanding demands of the electrical lndustriesj is manifest. 
The proportion of such use to that of iron has steadily increased from 
the ratio of 1 to EM in the period from 16S0 to 1885 to 1 to 53 m 
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1916. The demand for copper by the Central Powers caused roofs 
to be stripped end brass and bronze articles of use or ornament to lie 
everywhere coirunandcerad. Onr own position iti regard to copper 
11131 J" Le summed up in the statement that the Americas yield 75 per 
cent of the world 3 output and the United States almost 60 per cent. 

We have in the dotation process as applied to copper production 
another good example of a new industrial method, duo to research* 
which in the nick of time permitted a vast expansion In the output 
of an essential metal. 

Zinc, which finds a grant use in brass, composed normally of two- 
thirds copper and one-third zinc, enters obviously into the constitu¬ 
tion of ti Vast variety of military supplies. The demand for zinc led 
to an orgy of zinc smelting because most of the world s smelters 
outride of Germany and the United States stood along the Meuse 
River in direct line of the German advance. As to thU metal 
Germany waa favorably placed* since one of the greatest zinc fields 
in the world is in Silesia. The Allies* however* suffered immense 
losses of brass during their retreat early in 1918, and toward the 
end of the war the United States became practically their sole 
source of supply. The shortage of copier in Germany led in that 
country to the substitution therefor of various alloys of zinc. 

Lead Is one of our most useful metals and has been identified with 
military operations since the arquebus replaced tho crossbow * Tt is 
almost indispensable for pipe, solder. Waring metak* tome-plate* 
small arm.^, bullets, shrapnel? and functions with perhaps equal 
effectiveness in tho tyjjc so essential to propaganda. The United 
States has always imported much lead ore from Mexico. The supply 
was short in 1017* bat increasingly stable conditions in that country 
enabled her to send us almost as much lead in the first half of 1018 
m we imported from all countries in the previous year. 

For many uses antimony b closely associated with load by reason 
of the greatly increased hardness of antimony-lead alloys. Anti¬ 
mony, therefore* also finds extensive use in the type foundry and is 
a common constituent of l*earing mctuls- 

Kefcrqncc has already been made to tho ubiquity of the indispen¬ 
sable tin can, and the shortage of tin was the cause of almost as much 
anxiety as that of platinum, the world’s output of 140,000 tons being 
inadequate to racet the demand. We ordinarily consume 70 per 
cent of the world's supply, to which we contribute practically 
nothing. Tin finds important use as a constituent of solders, in 
which, hoover, it may* if necessary, be replaced by cadmium, and 
some cadmium was used in France as a deoxidizer in bronze for tele¬ 
phone and telegraph equipment 

Aluminum is one of the most important and interesting of all 
the war ajetelih und its whole history is replete with peculiar interest* 
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For its production cheap water power i$ essential* and the raw mate- 
rials involved an? bauxite, which we obtain from our Southern States 
or from France, and cryolite, a double fluoride of aluminum and 
sodium, for which the world is dependent upon fireenkmL In i$&3 
the United States produced only 80 pounds of aluminum, whereas 
our output in 1914 was gO^MXi^OO pounds. Our producing capacity 
at this time is greater than that of all other nations combined* 
Aluminum is of vast importance in the construction of airplanes and 
dirigible balloons, since it is the lightest metal available. It con¬ 
stitutes the fmmework of dirigibles and enters largely into the con¬ 
struct ion of their engines and that of automobile parts and engines. 
It is un essential constituent of the explosive ammonal and of thermit 
in its many applications as a constmotive and destructive agent. 
Aluminum has* moreover, great potentialities and some present use 
as a substitute for copper in the transmission of electricity. 

The Lewis ground gun has an aluminum heat radiator surround- 
ing the barrel, and the shortage of aluminum actually held up for 
a short time the manufacture of gas masks by reason of the difficulty 
of securing pure aluminum sheet for the eyeglass rims, practically 
all the metal having bmen alisnrbed in the making of pltt tninum die 
castings for shell and other ordnance. For the same reason hun¬ 
dreds of valuable brain hours were spent in the development of hard- 
rubber die casting and complicated brass stampings merely to save 
the little bit of aluminum required for gas-mask mouthpieces. 
Troubles of this kind could be largely eliminated by the military 
man if in bis peace-time studies of design he would allow the neces¬ 
sary large factor of safety between wardiine supplies and demand- 
Tliis is especially true, fur example, in the case of design of ordnance, 
such as shell, for if the nose of a shrapnel fuse is made hi peace time 
of m aluminum die easting, it is too late when war comes to substi¬ 
tute anything cbe. for the change would el fleet the entire ballistics of 
the shell and its ranging. 

The mineral magnesite, which is a carbonate of magnesium and 
essential to the steel industry by reason of its use for furnace linings, 
was imported previous to the war, but altogether adequate supplies 
are now received from great deposits located lit \i ashington. T ho 
mete! magnesium it seif is much lighter and stronger Hum Liluminum, 
but, unfortunately, is very susceptible to corrosion by oxidation* 
Although useful, therefore, in some alloys, ns in those with aluminum, 
its chief war value is for flares and pyrotechnics, to which reference 
has already been made. Production in the United Htaies began in 
1015 and in 1917 had reached 116,000 pounds and was inc reasing very 
rapidly, The electric furnace production of the metal from mag¬ 
nesium chloride requires cheap water power and cod 
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With u possible exception of ate*], no metal is more vitally essential 
to the conduct of modem warfare than platinum, though them is 
probably not more than 10,000,000 ounces—approximately 423 tom— 
in use in the world to-day, and of this probably 9§ per cent came from 
Russia. The importance of platinum is chiefly due to its extensive 
use as a catalyst in the synthetic production of ouch fundamentally 
basic supplies as sulphuric add and ammonia* and it functions sim¬ 
ilar] v in the manufacture of many other compounds. It is indis¬ 
pensable for certain chemical equipment, and a light Him of platinum 
on gloss is an essential part of Navy range finders. 

The importance of mercury as a war metal is altogether dispropor¬ 
tionate to the sip a II amount useiL It finds employment in periscope 
mirrors T thermostats, clinical and technical thermometers, and as mer¬ 
cury fulminate in priming charges. Corrosive sublimate, which is 
vitally important in surgery, is mercuric chloride, and the red oxide 
of mercury finds effective use in paints for ships 11 tiottoms. We de¬ 
pend chiefly upon California for our mercury, and the Central Powers 
drew upon Austria and possibly Asiatic Turkey for their supply. 

Graphite crucibles are essential to the industries employing non- 
ferrous metals, and for such crucibles we have heretofore depended 
upon the flake graphite coming from Ceylon, our own supplies of 
graphite being of the amorphous variety. Under the stress of neces¬ 
sity. however, entirely satisfactory mixtures composed in large part 
of domestic graphite were developed* 

The whole structure of modern chemical industry* with [ill the 
ramitigations arising from military demands, is based upon sulphuric 
acid* made either from pyrites or from native sulphur* Of (he latter 
our immense deposits in Louisiana and Texas made it possible to 
increase our ID 13 production, of million tons of 50* acid and 33,000 
tons of acid above 00* to %fi00p00 tons of 60° acid in 1917 with 760,000 
tons of the stronger field, whh h finds its chief use in the production 
of explosives. Sulphuric acid is also largely used in the refining of 
petroleum and the pickling of metals. 

Portland cement, made from limestone and day or cUy-bearing 
limestone, is obviously ft military supply of the hi^t importance, en¬ 
tering into foundations and construction of all sorts— roads, dugouts, 
u pill boxes, n and even ships, well named Faith* Fortunately, teith 
our producing esparity and our supply of raw material* proved ade* 
quale to all demands. 

Similarly, it may t>e painted out that crushed stone for road con- 
struct ion proved so vitally important to military operations that 
it is said that in France, next to the transportation of troops and 
ammunition, the transportation of crushed stone had priority over 
prueti rally everything else. 
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In spite of the vast and even overshadowing importance of pe¬ 
troleum and its products os war supplies, space permit* only an inci¬ 
dental reference thereto. The United States leads the world in 
petroleum production and provides about two-thirds of the world's 
supply. Fuel oil lias revolutionized naval design and tactics, and 
during the fiscal year of ID 111 the Navy used 10,500,000 barrels. 
Practically every piece of operating machinery in the world de¬ 
pends for its proper functioning upon the lubrication of Us moving 
parts by petroleum products. Automotive transportation and the 
flight of airplanes depend for the present at least on gasoline. We 
have reached the peak of our petroleum production, ami consump¬ 
tion has overtaken the supply. Fortunately, we have another source 
of gasoline in natural gas, from which we secured in 1913, 24,000,000 
gallons and in the first half of 1016, 175000,000 gallons. Here, 
..g.iin i w« lutve, however, no promise of a continuing supply. 

The effective use of the airship and the observation balloon as 
instruments of war is greatly curtailed by reason of the dangers due 
to the extreme inflammability of the hydrogen upon which their lift¬ 
ing power depends and the explosive character of mixtures of hydro¬ 
gen and air. When a balloon was hit by an incendiary bullet the 
interval between the initial burst of flame and the final explosion 
was rarely more than 15 to 20 seconds. The average life of a kite 
balloon on »n active sector of the Western front was 15 days, while 
some lasted only a few minutes- It became obvious, therefore, early 
in the war that if it were possible to substitute for hydrogen a tiou- 
inthuuEnable gas of sulistantiidly the same lifting power the military 
value of both balloons and airships would be greatly augmented. 
Such a gas—helium—was known to exist in the atmosphere in the 
proportion of 1 volume in 250,000 volumes of air. Its existence in 
proportions reaching 2i per cent by volume had been demonstrated 
in- the nut and gus From certain wells in Kansas, Texas, and else¬ 
where, but prior to ID 10 the total world production hud not reached 
! 'Hi cubic feet at a cost of $1J00 or more per cubic foot- On armistice 
dnv we bud on the docks 147 J >00 cubic feet and were building plants 
for the extraction of 50.000 cubic feet n day. Thus through the dec¬ 
laration of war has a natural resource, so rare as to constitute a chem¬ 
ical curiosity, suddenly been established as a military necessity of 
the first order. Helium can not Ise ignited or exploded; its diffusion, 
rate through balloon fabrics is about two-thirds that of hydrogen; it 
has over 92 per cent of the lifting power of hydrogen; it permits 
with com pa rat ive ease the passage of electric discharges, mid hail 
it been available in quantity would have placed the entire aero¬ 
nautical program on a vastly more effective Las is. 
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Nothing perhaps could hotter Illustrate than helium the changing 
relation which specific natural resources may boar to military sup¬ 
plies, The usefulness and value of any natural resource for military 
as for industrial purposes will always be conditioned primarily on 
our own ability to employ them to advantage. Such values are not 
intrinsicg but are established by research, and their basis is scientific 
and toduucal knowledge- The effective encouragement of science is 
the price of military efficiency. 
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glass and some of its PROBLEMS. 1 


Snt Htiwitt jAniw&'. K. IS, Bp, F. R. S. 


Rcforc I begin the lecture, I should like to say how much T Appre¬ 
ciate the privilege of being naked to give this, the second Trueman 
Wood lecture. Oar chairman has stated the origin of these lectures, 
namely, to keep alive the memory of the long and distinguished work 
of Sir Henry Trueman Wood in promoting and increasing our 
knowledge of the arts and sciences in the host interests alike of this 
Society and of the Nation. I am sure I express the feelings of every¬ 
body present when 1 say how delighted we are that lie is here to¬ 
day* and when I express the hope that he may be able to attend many 
more lectures to be given in his honor. 

Tt was suggested to me that tliis lecture should have something to 
do with glass, and it was hoped that there might be experiments. 
The production of glass is difficult to illustrate efficiently in the 
course of a lecture, ft will, therefore, only be dealt with very briefly 
and generally before turning to some of the problems connected with 
glusTwhich I hope to make the chief part of this lecture. The chair¬ 
man, in his opening remarks, has spoken of the many varieties of 
glass. We hear of optical glass, window gloss, table glass, indus¬ 
trial and scientific glass, opal glass, colored glass, etc., all of winch 
have many properties in common while exhibiting differences whk-b 
depend chiefly upon the materials used in making them, the various 
proportions in which the materials are used and, to some extent also, 
on the methods of manufacture. It will las convenient to take 
window glass as one of the simplest of glasses, and briefly to con¬ 
sider its composition. The essential materials required ire sand, 
chalk, and sodium carbonate, When these are heated together in 
suitable proportions, there results a glass containing silica, or the 
oxide of the nonmetal silicon; lime, ur the oxide of the metal cal¬ 
cium; and soda, or the oxide of the metal sodium, combined together 
to form what i s generally s|>oken of as a soda lime silicate. < >f 
these ingredients the silica is the acid constituent, and the lime and 
soda are the basic constituents of the glass. Most glasses are com¬ 
posed of acids ns oxides of nonmetuLs, and bases as oxides of metals 
combined together. The chief scid ingredients to Ije found in various 
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glares are silica, boron trioxide, arsenic trioside, and pcntoiide, 
phosphorus pentoxide T tin oxide, and antimony pentoxide. The chief 
Lapses are the oxides of potassium > sodium, lithium, barium, calcium, 
magnesium, xinc, and lead, Aluminium oxide, a constituent of sev- 
trul giasres may, in some, play an arid part and in others may act 
as a base. With certain reservations, this may ho said also of anti¬ 
mony trioxide. The list is not exhaustive, but is sufficient to indicate 
that a number of glasses is possible from various combinations of 
these adds and bases. (The materials used for producing opals and 
colored glasses will be referred to Inter,) The number of glasses made 
is very large, and it would take at least all the time at my disposal 
to describe in any adequate manner how they differ from one another 
in composition and in those properties which make each one suitable 
for the purpose for which it was devised. It may, however, be ap¬ 
propriate here to mention that in the great variety of optica) glassy 
there are many which da not differ materially in composition from 
glasses used for other purposes. For example, a good window glass 
could be made w ith pure materials and stirred in the process of its 
manufacture, so as to secure such a clear and homogeneous product 
as would serve as one type of optical glass. The chief general prop¬ 
erties which are desirable in all optical glasses ary identity of com¬ 
position throughout the whole mass of the glass, great efeitmess and 
transparency for all the colors of the spectrum, freedom from strain 
arising through imperfect annealing, and durability under ordinary 
exposure to the atmosphere. It will bo seen, therefore, that apart 
from considerations of special. optical properties, I refer to the re¬ 
fractive indices and dispersive powers of various optical glasses; the 
main difference between them and other gia-ssr* is that the highest 
art of the gbiss manufacture: Is called for in their production, and 
great care b needed to insure purity of the materials u$ed and 
accuracy of proportions, so m not only to be able to produce glass 
of the optical properties required!, but to reproduce it with the closest 
].n—-ible identity of composition. Willi these very brief remarks on 
glass generally, we may turn now to some of the problems which I 
thought might Ijc interesting to consider, and the first ono Is how 
far can glass be called a solid! 

A solid is defined in a dictionary os having a fixed form anil bring 
in li state in which the componeJit park* do not tend to move freely 
among themselves. With regard to glass, we may tisk for how long 
b it fixed in form, and what are the limitations of freedom of move¬ 
ment which we ought to consider? It Is a common experience that 
long straight pieces of glass rod or tubing, left supported so that 
their own weight tendsto bend them, will lamij in the ctmrs&nf time, 
and in some years will We mo definitely bowed. Varieties of glasses 
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differ in the readiness with which they show this flow under stress; 
hut not anv glass is so perfectly solid ns to give no indication of move¬ 
ment under stress if tested by sufficiently delicate means. This ques¬ 
tion of permanent stability of form in glasses has some bearing on the 
choice of gin® for the manufacture of large lenses and prisms, and 
thy (lowing of the surface of glass under mechanical p'■essure comes 
in as a very important matter in the explanation of the mechanism 
of polishing glass surfaces. A great deoi has already been written 
on this subject, and it would take too long to deal with it here. An¬ 
other reason why I refer to it but intend to lea ve it is that I hope it 
will not lie long before the published papers and other work of Sir 
George Beil by on the influence of median ical disturbance on tho 
physical state of a Very large number of substances will be brought 
together into one connected story, when it will be seen (hat this sub¬ 
ject of polfelling glawi has been dealt with in a comprehensive man¬ 
ner, and that the principles underlying it are shown to have very 
wide application. 

The question of the relative plasticity of various glasses has two 
important ben rings which are of some interest. For many indus¬ 
trial mid scientific purposes it is necessary to be able to seal metallic 
wires into glass, and early in the war some difficulties were experi¬ 
enced in obtaining suitable glasses. To obtain successful joints be¬ 
tween the metal and glass without fear of the latter cracking, it 
was generally considered that the glass aimed at should In? one which 
had a coefficient of expansion as close ns possible to that of the 
metal intended to be used, and there is no doubt that this question 
nf expansion lias to be taken into account. In making a large num¬ 
ber glasses and in experimenting with them there did not appear 
to be that duse connection between the coefficient of expansion of 
the glass and its behavior with metal wires which was at first ex¬ 
pected. The coefficient of expansion of copper is about double that 
of platinum, and the coefficient of iron is about midway tudwecn the 
two. Glasses were made which gave successful joints with platinum 
and copper wires, but which cracked inevitably with iron wire, ft 
did not appear, therefore, that the coefficient of expansion was the 
only factor to be taken into consideration. It is an important factor, 
bid not the only one. and it soon became dear from the study of 
various glasses that the plasticity of the glass had a great deal to 
do with its utility. A careful examination showed that there was 
evidence that in tbe case of soft metals, Uks copper and platinum, 
the glass in setting could pull and deform the metal win's so that 
no great strain was permanently left in the glass. With hard metals 
like iron ami tungsten, it was necessary to devise a glass which had 
marked plasticity over such a long range of temperature that when 
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the glass and metal joint cooled, the glass would flow end follow 
the contraction of the metal end so the stress would* to some extent, 
lie relieved. And this is tin example of the need of asking the 
question: Is glass truly a solid* and how far can a glass be made 
which will flow, very much less, of course, than pitch, hut in an 
analogous manner? The other bearing of the question is on the 
cracking of glass vessels with rapid changes of temperature. It is 
dear that if the strain set up by such changes can be quickly and 
readily released, thy danger of cracking will 1>c very small. The 
coefficient of expansion is, of course, a very important factor in this 
respect. It is well known that vitreous silica vessels can be heated 
to redness and plunged into cold water without cracking, and this is, 
no doubt, correctly considered to ho duo almost entirely to the low 
coefficient of expansion of silica. In the cose of glasses also, the 
lower the coefficient of expansion of n glass the better will that gloss 
stand rapid changes of ternperature; but it bs possible to make 
glasses approximately with the same coefficient of expansion and to 
find otic—and Hint, perhaps* the one with a slightly higher coefficient 
of expansion—which will neat crack under conditions in which the 
other cracks readily, and a study of the two glasses shows that the 
more stable one is the more plastic* On thy whole, perhaps, H is not 
too much to say that glass may be looked upon as an extreme!v 
viscous liquid ho slow in its movements in some types of glu^s dust 
ages might elapse before arty marked change in form could bo 
observed under a strain jiist short of a breaking one for the glass, 
while in others it is possible to si low thcit the glass does flow, even 
at the ordinary temperature, to a small extent in a relatively .short 
lime. 

The next problem to by considered may lie also put in the form of 
the question: Is glass truly amorphous or vitreous or hm it any 
crystalline structure or tendency to crystalline structure! There 
arc many substances which can las obtained in the vitreous state 
and also in the crystalline state, and which cun be changed from one 
b.i the other. As one example, arsenic trioxide may be mentioned. 
It can be produced as a clear transparent glass which slowly changes 
at the ordinary temperature into tin opaque white substance re¬ 
sembling porcelain in appearance. The opaque white substance Ls 
cryst alline. It is the crystalline variety into which the vitreous will 
he slowly hut completely changed. Again, if sulphur near its 
boding point be poured in a thin stream into cold water it sets li^ 
plastic threads, and for our purposes we may speak of this m the 
vitreous form of sulphur; left at the ordinary temperature* it slowly 
changes into the crystalline form. 

Two other examples may gi ven which, in a way, arc perhaps more 

closely analogous with glass, since they arc solutions of substances, 
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find not merely single substances as in the previous i]lustra i ions. 
Solutions of sodium acetate and Rochelle salt* obtained by adding to 
hoi water as much of the mite as will dissolve and cooled so that no 
unfiltered air can enter the containing vessels, and carry nuclei to start 
crystallization, remain clear and fluid at the ordinary temperature. 
If such a u supersaturated’ T solution of sodium acetate be cooled in 
liquid air it is converted into a vitreous Solid quite dear and trans¬ 
parent. On removal from the liquid air its temperature rises and very 
soon crystallization starts and proceeds right through the vitreous 
mass. The solution of Rochelle salt treated in the same way yields a 
similar vitreous mass, hut as it wanna up no nyataLHzation takes 
place. It slowly goes back to the original liquid condition. 'Flic 
cold vitreous sodium acetate solution may be token as analogous to a 
glass from which crystals readily separate on warming up, while 
the Rochelle salt is analogous to a glass which shows no tendency 
to crystallize through the whole range of temperature from the 
solid form to the point at which it is a mobile liquid. Glares are 
known which tend to crystallize in all degrees of readiness. M ft 
simple glassy substance, zinc silicate may be taken. It can l>e ob¬ 
tained, by moderately quick cooling of the molten mass,, in a vitreous 
form which is stable for a number of years—at kart* some has re¬ 
mained with no sign of crystallization at the ordinary temperature 
for 22 years. By heating to a few degrees above its softening point, 
it changes to a translucent crystalline mass. Taking a more complex 
glass, but still a moderately simple one, we may study the behavior 
of heat on a lime soda silicate glass. The flpedmen of greenish glass 
with some large and many smaller opaque nodules in it was given 
to me in the early part of the war by Mr. Frank Wood as an example 
of glass taken out of a tank furnace. The nodules arc calcium 
silicate, which is the least fusible silicate potential in the glass. 
They have been formed through the glass in the particular part of 
the furnace from which it was taken being at a temperature too low 
to keep this silicate in solution or combination, and it has separated 
out in the form shown. To get thin glass back to a complete vitreous 
state again would require a somewhat higher temperature than is 
used in the manufacture of the glass, since the calcium silicate is 
itself verv infusible, and the rest of the gloss hits lo made very 
fluid before such mosses of this silicate can be dissolved in any 
reasonable time. 

This gla^s, then, in a molten state, is an example of a solution out 
of which a slightly soluble constituent bus separated* when the condi¬ 
tions were suitable for that separation. It may be interesting to 
turn for a moment to a consideration of conditions for crystallization 
and to go buck to simple glassy bodies such ns zinc 41 icote and some 
borates. With all the vitreous substances which have been tried and 
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have been made to crystal! is-*, there is a certain temperature at which 
crystallization proceeds readily, and for amal] ranges above or below 
that temperature no cry stall ization occurs. Associated with altera¬ 
tion of temperature, there is change in the viscosity of the vitreous 
substances, and hence in the freedom of movement of their particles 
among one another. The effect of this can be well seen when n 
crucible full of molten sine silicate is removed from the furnace. If 
the mass be small so that cooling is quick, it remains a glass and has 
to be reheated before crystallization occurs, "With a larger quantity 
and raiwpiently slower cooling, the mass may become wholly 
crystalline, or only partly so if some of the vitreous form reaches n 
temperature at which its viscosity is too great, and freedom of move¬ 
ment of its particles too small for rearrangement into crystals to 
lake place. Some borates are very convenient for illustrating the 
,-hangs from the vitreous to the crystalline state. Boric anhydride 
itself has not been made to crystallize. and as might be expected, the 
greater the proportion of it in a borate, the less marked Is the 
tendency of a fused moss of that Iterate to crystallize on cooling. Of 
the three borates, CfiO.2B.Oj. CaO.B-O, and SCflO.B.Oj, the first can 
be obtained vitreous by fairly quick cooling, and pieces of it can, 
with rare, he heated again to remove the strain produced, that is to 
snv. it cun lx? annealed. The second cry stall Izch from fusion much 
more readily, cooling has to quicker to keep it in the vitreous 
shite, and univ small glassy pieces can be obtained, which crystallize, 
however, on attempting to anneal them. The third 1>orate can only 
1*2 kept vitreous in very small globules. 

Statements, however, of the bulk which cun lie obtained of any 
readily crystal livable vitreous body require a certain reservation. It 
is w dl known that cryst&llizablc Imdics in the fluid state may lie 
con led considerably lielow the temperature at which they would 
ordinarily solidify to a crystalline mass, if they are freed from all 
foreign material. Water Is a well known example, and among many 
others which could be cited, mention may be made of snloi (phenyl 
bidicylatc). It indts sit 43 f C., and if the Crystallization of a film of 
the molten liquid he watched under the microscope, numerous small 
hubbies of gns can be seen to form during cry stallization. The gas 
appears to be modified air. If snloi lie molted, allowed to solidify, 
and remelh-d in vacuo, so us to remove nil this gnu, and the process 
repealed several times, it is found that the molten salol must, be 
cooled many degrees or more) below* its melting point Isefnre 
rrystaHizntion takes place, A small crystal of snloi will start it 
unless, as can 1*? dons on small quantities, cooling Iras 1-cen carried 
fur enough to increase the viscosity of the fluid to such an extent 
that the particles have not the freedom of movement necessary for 
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tliu cbang© to the crystalline form. So it is nho with u great number 
of glassy bodies, end the hulk which will retain the vitreotus form can 
be largely increased since by fusion and crystallization several times 
they solidify at progressively lower temperatures, until the time 
comes when they get quite cold in the vitreous state. For instance, 
the amount of vitreous zinc silicate obtained has been raised from 
2o grams at one heating up to a kilogram by 5 fusions. The calcium 
borate SCaO.BjO, has, after several fusions, been cooled to 300° 
below its ordinary solidifying point. When it does crystallise and 
the temperature rises the recalescenee is remarkably bright. Bong 
continued beating a few degrees almve their solidifying points 
similarly retards the crystallization of many vitreous bodies, but 
it is not so effective ns the alternate fusion and solidification. 
One reason at least is not far to seek, if the two processes bo 
tried 90 that gases evolved can be pumped off and their amounts 
measured. The process with alternations yields much more gas in 
any* given time. With nil the glasses, simple silicates anti borates, 
which have been studied so far, the chief gas evolved has been found 
to be water vapor, anti with the progressive removal of it the 
vitreous state has been found to persist more and more. Direct intro¬ 
duction of water subsequently bos been found to promote ready 
crystallize tiow. 

In connection with the comparison of long-continued beating of a 
melt with alternate fusion and solidification, one extreme instance is 
worth noting. For a special optical glass, rich in phosphoric anhy¬ 
dride, an experiment was tried with ammonium phosphate to find if 
this substance could be used in the batch mixture for the glass. -V 
nice, clear lluid melt was obtained, which was kept fluid for several 
hours after all traces of gas bubbles had gone. The melt was well 
stirred and cooled till it was quite viscous, when it was left to get 
odd slowly. The next morning the furnace top was found forced off, 
and resting on n spongy mass of about thirty times the volume of the 
original glass melt. The changes occurring when solidification was 
approaching had evidently heen accompanied by the evolution of a 
large volume of gas, no doubt most of it ammonia, since tins sub- 
sLum e was smelt ou grinding the spongy nmss up. The ground ma¬ 
terial was then fused and gave a stable glass. 

lie verting to the question, Is glass truly vitreous, or is there evi¬ 
dence of any crystalline structure in it? ami bearing in mind that 
glasses are known which exhibit all states of preparedness to yield 
crystals nt some temperature or other, nnd that the tendency to t he 
segregation of some ingredient of a glass is enhanced by the presence 
of small amounts of foreign substances and notably of water, one 
would rather expect to find a good many glasses in which some 
13OT8*—&-—IT 
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evidence could be discovered of the early staged of orderly arrange¬ 
ment of particles toward the crystalline form* So far* etching glass 
surfaces with hydrofluoric acid has failed to reveal any of the net¬ 
work of crystalline structure Filled in with vitreous material which 
is sometimes described as representing the texture of glass* Tearing 
the surface of glass by letting a dim of strong glue dry and contract 
on it is also stated to reveal a crystalline network. Both the etching 
mid tliis method give markings, very like a network, no doubt* but 
the figuring of the surface seems to be more correctly ascrihable to 
surface tension. Xu thing which could be called definite evidence of 
en^tulline structure is visible with any kind of illumination under 
the microscope of such surface^ but this is not to deny that the 
texture of some glasses may be that of a network of crystalline com¬ 
pounds Inclosing vitreous bodies. 

Certain facts* from which it appeal's reasonable to conclude that 
many glasses have something of a crystalline nature in them, have 
been obtained from a study of the phdsphorescenre of various glasses 
and other vitreous com pounds exhibiting different degrees of readi- 
n*ss to pass into the crystalline state on heating. Much of the work 
wets done al>oul 20 years ago* but more recent experiments have not 
modified the conclusion then formed that a truly vitreous body ex¬ 
hibits no phosphorescence in ultra-violet light or X-rays or under 
cathodic discharge. Nearly every glass shows some phosphorescence 
and some show it very strongly, as ? for example, the glass from which 
X r:t v Inilb’ are largely made, and which gives the well-known green 
glow when the tube is in use. Tf some of this glass he fused and 
very rapidly i hilled, as, for example, by making a Rupert^ drop from 
it, the gin** is practically non phosphorescent Srl far as its surface is 
concerned. A very little distance below the surface the chilling was 
not sudden enough to prevent some change of the truly vitreous 
to an attempt at crystalline structure, so that just below the surface, 
as shown by broken pieces of the drop, the glass exhibits phos- 
pholicence. The tail of such a Ruperts drop* if heated bdow the 
temperature at which the thin thread of glass bends, is found to be 
strongly phosphorest-ient* and the glow under cathode discharge can 
be seen to fade slowly away toward the part which was nut heated. 
Many observations with vitreous borates and silicates have shown 
similar phosphorescent appearing more and more strongly as the 
vitreous bodies are made to approach the crystallising stage* There 
does seem, therefore, reason to state that, given a body which in its 
crystalline state exhibits phosphorescence, it will not do so when it 
is in a truly vitreous state, and to infer that if a glass be phos¬ 
phorescent there is something of a crystalline nature in It* It would 
nut lie right to come to the conclusion that a glass showing no phos- 
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phorescenee is free from Anything crystalline, since there may be 
crystalline structure in it which is not in the sensitive state to l* 
revealed by phosphorescence, It would take up too much time to 
elaborate this further, but generally it may be said that a numiser of 
experiments on glasses, iHiratos, etc., go to show that in some non- 
phusphorescent glasses there is most iikely some crystalline forma¬ 
tion. since the introduction of minute amounts of certain bodies not 
usually present in these ghiises, as manufactured, will render them 
quite markedly phosphorescent; ami again, the surfaces of It 11 port’s 
drops made from these sensitive glasses show no phosphorescence, 
lief ore going on to deal shortly with some points about devitrifica¬ 
tion. I may point out that boric anhydride, which has a marked effect 
in preventing crystallization in glasses and in enhancing the stability 
„f ihe vitreous form, is a fatal ingredient to add to m uranium 
glass if strong fluorescence In ultra-violet light be aimed at. 

Il may la? concluded from what has been said or suggested that 
i he question whether glass i- crystalline or not has u bearing on the 
problem of devising, manufacturing, and annealing optical glasses. 
It has. perhaps, a more obvious bearing on the problem of producing 
glasses capable of being freely worked in a furnace or in the flume of 
a blowpipe. To the flame worker especially, a glass prone to devitri¬ 
fication is a source of trouble. It would take at least a whole lecture 
nt deal adequately with idl the changes noticed in the numerous ty|*s 
of glasses which have been studied for their behavior in the. flume. 
I will confine myself merely to mentioning that the segregation of 
less fusible vitreous bodies giving a kind of crinkled tkin to the glass, 
separation of amorphous silicates, the formation of very minute bub¬ 
bles giving a gray look to the glass, as well as true crystallization, 
nrn ull frequently referred to us devitrification. It is mainly About 
the last form of it that there is time in this lecture for u few remarks. 

Tire re is great variety in the behavior of glasses in a flame. A 
soda-lime silicate can 1* made which is hardly workable at all in the 
flame, it devitrifies so soon; but the same glass may be worked, if 
heated by radiation—for instance, in a mufilu furnace. At the same 
time, it must be understood that exposure in the muffle may bring 
about devitrification even quickly if the temperature is such as to 
bring the glass to the right state of fluidity for rearrangement of some 
of its particles in the crystalline form. It would appear, therefore, 
that the difference between the behavior of the glass heated in the 
flame, and heated by radiation, may lie explained by the difference 
in temperature readied by the glass in each case, and no doubt this 
is a most i m portant pu rt of the ex pia mitten. Rccal ling what was sail, 
however, about the conditions for crystallization of vitreous bodies, 
there is, apart from temperature, the question of purity to be taken 
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into account. The problem is whether (he readier devitrification 
of n plues in the flume ran be ascribed solely to the surface of the 
gluss being exposed to a very high temperature, and so for a thin layer 
reaching the right state of fluidity for cryst alii nation or whether 
chemical action also plays a part, i. c.. whether the hot gases of the 
flume act on the glass ami assist the segregation of parts of it by dis¬ 
turbing the chemical equilibrium of the bases and adds of the glass. 
Attempts to get an exact reproduction of the behavior of a glass in a 
flame by exposure of thin pieces of the same glass to intense heat by 
radiation, have given results showing close similarity in some glasses 
and great differences in others. It would Iks somewhat out of place, 
ntul certainly tedious in a lecture such as this, to go into the details 
which seem to justify the statement that a survey of the relative lie- 
haviorsof o very large number of different types of glasses exposed to 
flames or to heat by radiation, and chemical examination of the prod¬ 
ucts, leads to the conclusion that water, and to a smaller extent carbon 
dioxide, dn act chemically when many glasses arc heated in llamcs, and 
that this action plays an important part in Ihc initial stages at least, 
of devitrification. As the most simple example, which I can choose, 
of marked difference in composition of a glassy body heated by radia¬ 
tion, or in a blowpipe flame, ordinary borax, Na T 0^B,0„ may be 
taken. Heated in a muffle up to about 1.4S0 0 C. until much of it has 
volatilized, the residue may, according to the time of heating and the 
temperature, have a composition represented by anything between 
Nn,<),wB 1 t> J to Na.O.inlhOj: but it lias not been found possible, 
under any conditions, in a blowpipe flame, to get a residue from Wax 
with the proportion of boric anhydride greater than is represented 
bv a Wit NmO.SBfOj, It is diflkult to ascribe this difference solely 
to the effect of different temperaftires. With some glosses, however, 
there is visible evidence of the disturbing influence of the hot gases 
of the flame, A glass containing barium oxide, which was heated 
and reheated many times by radiation of varying intensity, and which 
was most reluctant to show any signs of crystallization, became, m 
the blowpipe flame, or in a hydrogen flame, gray at once over its 
surface, and sikih afterwards signs of crystallisation were readily 
noticcaide. The initial gray effect was seen under the microscope to 
be due to numerous very minute, bubbles caused apparently by 
the rapid absorption and subsequent evolution of gases. As the 
question considered here is the influence of the hot gases of a 
flame to hasten devitrification, there is no occasion to discuss the 
well-known effect of an ordinary blowpipe flame to blacken glasses 
containing lead or similarly reducible metals, except to say that 
experiments show? that in many instances the process of alternate 
redact ion and oxidation which sometimes occuts when such glasses 
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are being worked in the flame, does also appear to hasten devitri¬ 
fication. 

Mention was made above of the influence of boric anhydride to 
retard the crystallization of glasses in which it fe on ingredient. 
Alumina is another substance the presence of which confers upon a 
glass the property of working well in the flame without devitrification. 
More striking, perhaps, as a vitrifying agent is titanic oxide. A soda- 
lime silicate glass was made which could not be worked in a flame 
at all so readily did it davitrify. The substitution of a small amount 
of its silica by titanic oxide converted the glass into one which could 
be heated and worked in the flame almost indefinitely without visible 
change. The statement “without visible change” is true of the 
behavior of this glass; but some, and notably very soft glasses con¬ 
taining titanic oxide, become colored in the ordinary blowpipe flume 
through reduction of this oxide to n lower state of oxidation- Zir¬ 
conium, tin, and thorium oxides have been found to promote the sta¬ 
bility of the vitreous state in a number of glasses prone to devitrifi¬ 
cation in the flume. They are mentioned as being of the same chemi¬ 
cal family as silica and titanic oxide; but to deal with the effect of 
a number of rarer compounds nor. generally employed in glass-making 
would take up too much of the rest uf the time at my disposal. Arse¬ 
ni!' and antimony oxides may also be put among substances which 
render glosses k>»: liable to devitrification; but glasses containing 
these oxides are not suitable for ordinary working in the blowpipe, 
since they darken in the redneing area of the flame. Tin oxide, men¬ 
tioned above, is also not a generally suitable ingredient, since some 
glasses con mining it darken badly through reduction in the flame, 
though others can be made which are quite workable except in tlm 
hottest kind of blowpipe flame. 

[ must leave out of consideration the relation of general composi¬ 
tion and of varying proportions of ingredients to Lhe tendency of 
glasses to davit rify, and content myself with the remark that for 
glasses of comparable composition those containing soda only fts the 
alkali, are usually found to davitrify more readily in the flume than 
those in which the alkali is potash, or a good proportion of potash 
with soda. 

In this lecture it will only be possible to deal more or less briefly 
with opal and colored glasses. Many vitreous bodies which crysial- 
liitu fairly reodily when heated cun be seen to puss through a stage 
in which the material segregating from them appears first as an opal¬ 
escence increasing in density as the heating Ls continued and finally 
passing into a visibly crystalline form- A glass approximating in 
composition to Na,O.CaO-,SiO„ shows this opalescence well before 
small crystalline nodules appear similar to those in ihe tank glass 
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referred to earlier. Various silicates and borates of calcium, barium, 
and magnesium show the same kind of phenomenon more readily 
and by quickly cooling when a stage of dense opal appearance is 
reached T sections (nr, what Is just as good for the purpose, the finely 
ground glassy mate rial mounted in Canada balsam) can Ik? examined 
under the microscope and the opal effect shown to bo due to the scat¬ 
tering of light by numerous small transparent globules. Any glass 
from which, on cooling, part of it segregates out In very small particles 
evenly diffused through the mass, may lie called an opal glass whether 
the Kite particles are crystalline or amorphous, but the usual opals 
owe their milking to globules m which no evidence ui least of the 
crystalline statc^can be found. Under the microscope the globules, 
if sufficiently visible as distinct particles, appear vitreous and trans¬ 
parent, Just as in milk the fat globules are seen to be themselves 
colorless and transparent. Among the many substances which can 
lie used to produce opal glasses, the most common are fluorides such 
as calcium 11 uoride, cryolite ( the double fluoride of sodium and alumi¬ 
nium), and calcium or sodium phosphate* less commonly the arsenates 
of these metals. These substances can In? included in the batch mix¬ 
tures of ordinary soda or potash lime glares, or lead glasses or zinc 
glasses* In the making, opal glasses arc usually dear at a high tem¬ 
perature and u strike 35 opal on cooling. To what extent the glass 
has to be cooled before becoming opal depends on the concentration 
of the particular opal-producing compound which is held in solution 
in the very hoi glass. Opal glosses produced with phosphates 
“strike*” generally speaking, mt higher temperatures than those made 
with fluorides, the compounds formed in the glass by the latter being 
more soluble than those due to phosphates* at least in the case of most 
opal glasses made on a commercial scale. Whatever opal-forming 
mute rial is potent lal in the molten gbiss, if its concentration be great, 
the glossstrikes” opal quickly and with relatively little cooling and 
becomes a denser opal as cooling proceeds, until the stage is reached 
when no more material segregates- Just, however, as in the crystal¬ 
lization of tm ingredient in a glass, cooling may occur *o quickly 
that a state of viscosity is reached in which crystallization can not 
proceed, so with opal glasses the concentration of the opal-producing 
material may be such that only a little of it comes out of solution 
beforu the viscosity of the glass gets too great to allow of further 
separation. With still less concentration, mode rate-sized pieces of 
that glass may even solidify in a perfectly dear condition, but again, 
just as reheating will often cause a glass which has cooled vitreous 
to become more or less crystalline, so reheating the intended opal 
glass will cause it to “ strike/' This can be ill list rated bv blowing 
a bulb from u lube of tm opal glass. If the bulb be not too thick* 
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and the conrcnI ration of the opal-forming material Ih 1 not Coo great, 
tbc "lass will go quite clear in the Ha met and the blown bulb will 
remain quite clear on cooling. If the bulb be then again heated gradu¬ 
ally in & flame, the whole process from a mere trace of opalescence 
to a very dense opal can be watched. If during the various stages 
of opacity the light transmitted through the glass be observed, it 
will be seen to change from light orange yellow to darker and darker 
orange and orange red, until no more evidence of color is seen, but 
only a general transit] cenra. If thin sections (or ground-up pieces 
mounted in t'anuda balsam) of the opal glass in the various stages 
be examined under the microscope no separate particles in the earlier 
stages will be seen, even with lenses of large angular aperture, though 
their existence can be inferred from the opalescence which is to be 
well seen under the microscope with suitable black ground illumina¬ 
tion. In the later stages of denser opal, separate part ides are visible, 
and ore seen to he progressively larger us the density of the opal is 
greater and greater. 

When an opal glass is required for articles, the making of which 
involves wor king the glass in a muffle or in the flu me, it is important, 
that the separated globules shall not tend to aggregate or to pass 
into the crystalline state, otherwise the gloss is found to have a 
rough surface. To guard against this, too great concentration of the 
opal-forming material must be avoided, and some workers prefer a 
glass which docs not reach its full opal until it has been in the an¬ 
nealing oven. As a general experience with a wide range of nil kinds 
of opals, it would appear thut fluoride opals are more kindly in 
working than phosphate opals. This is more especially true for the 
denser kinds of opal. For merely opalescent glasses, phosphates 
give quite good results, but with greater concentration of the opal¬ 
forming substance there is a tendency toward crystallization, which 
is more marked as a rule in the phosphate than in the fluoride opals, 
A dense opal suitable for working in a flame should “strike'' opal 
even in thin pieces on, removal from the flame, and should stand long- 
continued heating without losing its fine polished surface. When 
such a gloss while opal is drawn out into a rod and longitudinal sec¬ 
tions of the rod are examined under the microscope, the globules are 
to be seen egg-shaped or even elongated into minute rods. If an end 
of the opal rod be healed again to softening point and sections of that 
end be examined, the opal-forming material is seen to have gone 
back to spheres, showing that even when separated out the opal uia- 
tonal has about the same softening point as the rest of the glass. 
It is easily to be understood that if it has not, and the globules are of 
appreciable size, a glass containing them can not be worked without 
roughen]tig. One more {mint may be mentioned before concluding 
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this short general account of opals. A glass may be required which, 
while remaining clear in thin pieces after removal from the Same, 
will “strike*on reheating so readily that the temperature needed to 
develop the full density of the opal is not high enough appreciably 
to soften the glass and so cause deformation. One way of securing 
this behavior is to add as an ingredient a small amount of a sub¬ 
stance which will produce a truce of a compound insoluble in the 
glass except at very high temperatures In the ttmne this compound 
persists as a slight turbidity and appears to facilitate the "striking” 
by affording nuclei on which the opal material can collect. 

Colored glasses are sometimes divided into two main groups: (») 
Those in which the coloring matter is diffused in very small particles 
throughout the glass, and which may be likened to colloidal solu¬ 
tions: and (i) those in which the coloring substances are in a state 
resembling that of solution, and which <nay be likened more nearly 
to aqueous solutions of colored salts. Just, however, as in aqueous 
solutions there may be traced or inferred all grades of subdivision of 
the coloring matter from separate particles which can bo revealed 
by their scattering action on light, and which may be seen in the 
ultra microscope through smaller and smaller particles scattering 
light less and less obviously down to those in the exl-remc state of 
subdivision frequently described as that of true solution, so in glasses 
similar grades of subdivision of their coloring mutter may be seen 
or inferred. 

It is in fact impoffiible sharply to divide colored glasses into these 
two groups : but it cun be said of certain glasses that they are typical 
of group {(i), and among the more common of these may be men¬ 
tioned those owing their colors to the presence of gold, copper, and 
selenium. It is generally considered that these coloring ex j s t 

in the glasses as metallic gold, metallic copper and elementary 
selenium respectively, and the varying colors which can ho obtained 
in each ease appear to depend on the state of division of the coloring 
agents, or at least to be associated with it. How far there is evidence 
that selective absorption of light has also to be taken into account, 
is a question which can hardly lx- dealt with in a short time. 

With gold the colors most readily obtainable range from red to 
blue through varying stages of purples. With copper in the metallic 
state the common color is red? hut it is possible to get variation-' 
very similar to those seen in gold glass, and a copper glass giving 
a definite blue by transmitted light bos been obtained. It is to lw 
understood that this blue was not due to copper in an oxidized condi¬ 
tion. but to metallic copper. Selenium glasses are also general!v red 
but again states of division of this material can be secured which 
give other colors, although It is difficult, except on a very small scale 
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to obtain other than grays or neutral tints. With each of the 
glasses in which gold, or copper* or selenium is present, quick chilling 
of the molten glass will, as in tile cose of opal glasses, yield a dear 
unci colorless glass, and the greater the concentration of the cobring 
agents, the more sudden must the chilling lie to kocii re this result. 
On reheating these colorless glasses they, like the opals, 14 strifes 
and yield the colors which could hare been obtained by slower cooling 
of the molten glasses. It rimy be of interest to deal with a gold 
glass a little more in detaiL It is not easy to got a strongly colored 
glass with gold added, in the form of gold chloride, to the butch 
mixture of an ordinary" soda lime glass* Among the substances which 
enable one to prevent gold separating from the molten gla.^s in the 
ordinary metallic state the commonest used are the oxides of lend, 
tin, and antimony. Bismuth oxide acts similarly, anil so also does 
uronyl oxide. There are physical and chemical problems of much 
intereM involved in this behavior of these oxides; but it would lead 
us too far into technical details to attempt their discussion here. 
A gold glass containing oxide of tin may be chosen, because it can 
be made so that its behavior can be studied cither m the furnace 
or In a blowpipe flame. With a suitable concentration of the gold, 
and very slow cooling of the melt, all the ranges from red by trans¬ 
mitted light to a pule blue can be observed, and if rods are drawn 
out from the pot at intervals, and examined in a l>eam of light, it 
will he seen that, starting from a fine deep red by transmitted light 
through the various stages of reddish and blueish purple and blue 
to the pale blue, there is progressively more and more marked scat¬ 
tering of the light, and the rods look more and more of an opaque 
brown color by reflected light, until in the later stages the appearance 
of precipitated gold is so marked &a to leave no doubt that what has 
occurred has been a progressive aggregation of the gold into larger 
and larger particles. Microscopical examination of the glass at the 
different Mages gives clear confirmation of this and of the great 
similarity in the manner of depuration of the gold to that of the 
materials which give opal glasses. Remarks made under opals and 
crystallization of glasses about the influence of changing viscosities 
applv also, in a general way, to gold glass, 'I here is one point in this 
connection which is worth referring to. If the suddenly chilled and 
colorless gltuis be returned, In small pieces at a time, to a pot in a 
furnace at a high temperature, about 1400° C., the glass can lie melted 
and the gold still retained In it without appreciable loss by separa¬ 
tion into the ordinary metallic state; but if it l>e slowly heated up it 
passes through the stages of color previously described and, after 
complete fusion at a high lern[>erature s practically all the gold will 
be found in a button at the bottom of the pot. Now, except in the 
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c:is« of a very soft gold glass, heating and working the colorless gloss 
m the Hume will only give a red gloss, and no passage through the 
Other Stages is seen, or, in general, if the gloss at any of the stages 
of color be worked in the flame, the change of color b but slight. 
I he explanation seems to bo that, throughout the mass of the glass 
the temperature never readies high enough to give the state of 
viscosity for free aggregation of the gold particles, while, on the 
immediate surface of the glass the ten i pern tore may be so high that 
tho gold is retained in solution, as it is in the highly heated furnace. 
It is very difficult to get a gold glass to behave like some opal glasses* 
m the sense that it will go dear and colorless in the flame and remain 
so when quickly cooled; but it copper glass can be made in a similar 
manner with tin oxide, which will go quite colorless in the flame. 
Bulbs can be blown from it which remain white on cooling, mid the 
pidual ‘‘striking” of a deep red color observed on gently reheating 
in the flame, h has bwn noticed in experiments with some copper 
glasses that, in the initial stages of ‘‘striking" the color which 
develops is not red, but a dark neutral tint with a suggestion of olive 
green in it. This may be from copper in the very finest state of 
division m winch it can exert visible action on light, or it may be 
due to the presence of traces of oxidized copper b the glass giving 
rise to the well-known dark compounds of cuprous and cupric mj,w 
Certainly very dark glassy of rather similar tint can l« obtained bv 
intentionally allowing some oxidation to take place In the making 
of a red copper gla<*, or by fusing together a reduced copper e u£ 
Wild one m which the copper is fully oxidized. At the same time 
it is worth noting, and is perhaps suggestive, that a chilled and 
colorless gold glass which goes through the stages of very pale red 
to a fine full red ou heating in the flame has, after six months’ expo¬ 
sure to the fbrays of radium, only developed a dusky neutral tint 
A piece of glass of the same composition, except that there was 
no gold at all in it. has not been affected by the radium. Tt would 
lead too much into theoretical discussion to consider in what form 
gold, copper, and selenium exist in the respective chilled and color- 
]<as glasses, and how far they may be looked upon as being in com 
libation, or merely in so fine n state of division, that they have no 
visible effect on light. The chemical and physical evidence that 
when they do give color they are in tho elementary state seems to 
be fairly conclusive: but this does not necessarily exclude the do- 
ability of their being in something very like chemical combination 
in thoir colorless stilts 


lerhaps it Li needlessly striving after definiteness to attemnt to 
distinguish lie tween bodies being dispersed in an extremely fine lf 
of division, partly at leant through ehemiml attraction for tl.eir 
solvent, and being held in a loo.se kind of chemical combing 
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Some consideration of such a question, however, is helpful in sug¬ 
gesting experiments, and some instances may 1# given. One is in 
connection with the composition of a glass to gi ve the full possible 
color with copper. The-noiion of something like chemical combina¬ 
tion of the copper leads to the study of the effect of varying the 
relative amounts of the busier and acid ingredients of the glass. More 
of the basic part, such as the alkalies, might be expected to turn the 
copper out of combination, and more of the acid part to keep it in. 
It would he tedious to describe in detail the results of numerous 
trials with glasses, and the point can be equally well illustrated by 
simple experiments with borax bends. Copper oxide mixed with 
about twice its weight of tin oxide can lw dissolved in molten, borax 
in an oxidizing flame and then reduced in a reducing flame. On 
cooling, the bead is either colorless or “ strikes’' red, according to 
the concent ration of the copper. If colorless, it can, with suitable 
concentration, be made to “strike” by reheating. Now, if to the 
bead which “ struck ” red on cooling, more boric anhydride Ijc added, 
and the bead again fused, it will remain colorless on cooling; but 
unless too much boric anhydride has lawn added it will “strike” 
red on reheating. Addition now of more alkali, in the form of 
sodium carbonate, will restore the property of striking red at unco 
on cooling- .Similarly it follows that a bead which remain* color¬ 
less on cooling, but “strikes" on reheating, can bo prevented from 
giving any color of copper at all by more boric anhydride, nm! the 
property of “striking*’ red on reheating can be restored by the fur¬ 
ther addition of alkali. Of course, in making these various addi¬ 
tions of alkali and acid to the bead there must be a change in the 
concentration of the copper; but a head can l* got in so sensitive a 
condition that a mere trace of alkali will determine whether a red 
color is developed or not, and a niimlwr of experiments on glasses 
and glares do confirm the notion of chemical action playing a purt 
on lines which would be expected from general chemical experience. 

When manganese dioxide is added to a glass sis a so-culled de¬ 
colorizing agent, it is intended to la- left in an oxidized condition, 
so as to give a violet color which will disguise the green color due to 
iron and produce only a slight darkening of a neutral tint, scarcely 
vbible except in thick pieces of the glass. Sometimes the violet tint 
is overdone and cun easily be seen, and sometimes so much of 
the manganese dioxide has liecn reduced that the green due 
to iron is fully visible, the lower oxide of manganese giving 
no color to the glass. In many instances of glasses in which 
one would be inclined from mere inspection to say that all the 
manganese dioxide had, lioen reduced in the furnace, it has been found 
that a strong violet color can lie developed by exposure to radium 
or by cathode discharge in vacuum tabes. In parenthesis it may be 
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remarked that potash glasses generally give a good violet and soda 
glasses u brown or a brownish violet. Using small amounts of 
manganese dioxide in batch mixtures, as free as possible from iron, 
it lias been found possible to get glasses practically color less to the 
eye. some of which readily give color on exposure to radium for a 
period during which others develop no color. In making the latter, 
the conditions in the furnace were arranged for complete reduction 
of the manganese dioxide. In making the former, as little deoxida¬ 
tion us possible was aimed at. In one instance thin rods drawn from 
the melt of one of these, in which very little manganese dioxide was 
used, cooled almost colorless, but “struck” quite a marked violet 
color on reheating. This chilled glass was also verv sensitive to 
radium. More urgent work prevented further experiments, but the 
facta so far obtained arc mentioned as relevant to the question of the 
chemical condition of coloring agents in glasses, and as an illustra¬ 
tion of one which would appear to lie somewhat of a border line ex¬ 
ample of the groups (a) and (t), referred to previously. 1 am 
reluctant to dismiss the matter in tide rut her summary fashion, but 
the interesting speculations which will occur to many can hardly be 
dealt with shortly, I would, however, recall the well-known pink 
or violet color to be seen in some window glasses which have been 
exposed for years to daylight. In all examples which I have been 
able to examine, manganese lias been found to bo present and I can 
imagine that the color has developed in daylight in a manner similar 
to that in which it has been found to lie developable in manganese 
glasses by radium, by cathode discharge, or by heat. The color of the 
old window glasses is a little puzzling, if they ate soda-lime glasses. 
One would expect them to browner in tint: but perhaps on in¬ 
sufficient grounds, since no direct experiments hove, so fur as I know, 
been made with manganese glasses made with potash and with sotia- 
bntch mixtures and exposed to sunlight for a long period. Tt is a 
matter for regret that when the old tinted window glasses were ex¬ 
aminer] for manganese the idea of the influence on Lhe color of the 
alkalies present did not occur, [Having regard to the effect uf 
manganese greatly to enhance the phosphorescence of potash and 
soda-lime glasses, and to the known coloration of certain potassium 
and sodium compounds under cathode discharge, it is possible that 
the colors in the old window glasses described are not due to man¬ 
ganese dioxide itself, but that manganese may have rendered the 
alkali compounds in the glasses more Sensitive to light of short wave 
lengths. The fact that glasses containing no manganese did not color 
under cathode discharge, etc., is not conclusive, since such glasses 
showed but feeble phosphorescence. The observation, however that 
of two glasses containing the same amount of manganese and iriviiur 
equal phosphorescence, the one in which there is evidence of suine 
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of the manganese be inf: In the higher state of oxidation becomes very 
markedly colored by nti amount of exposure to rays which has no 
visible effect on the other glass in which the lower Oxide of man¬ 
ganese only is present, seems at least to point to some special behavior 
of manganese dioxide.] 

The influence of different alkalies and the remarks already made 
on the effect of varying the relative proportions of bases and acids on 
the copper glasses bring me to a short consideration of the behavior 
of coloring agents which would generally he placed in group (ft) 
as existing in glasses in a state more nearly resembling that of true 
solution than that which may be considered to obtain in the more 
colloidal solutions of gold, copper, selenium, and other substances 
such as silver, sulphur, carbon, etc., with which there has been no 
time to deal. I must coniine my remarks to hut few- of group (ft), 
and perhaps nickel and cobalt will he tbe most suitable to illustrate 
the effect of different alkalies and also that of varying proportions 
of one and the same alkali. 

If three similar and moderately soft glasses be made containing, 
respectively, potash, soda, and lithia as the alkalies present in chemi¬ 
cally equivalent proportions, and if the same amount of nickel oxide 
be present in each glass, marked difference in the colors is observed. 
The potash glass is a fine deep violet, the soda glass is almost brown, 
with only a hint of purple in the brown, and the lithia glass is a yel¬ 
lowish brown, with Jess strength of color altogether in it than there 
is in the soda glass. Similar differences: can bo seen In heads made 
from nir-kel oxide dissolved in the hi-borates of the three alkalies. 
Of these alkalies potash is the strongest and lithia the weakest base. 
The glasses mentioned would not Ins described as acid glosses, but as 
glasses containing a fair proportion of basic to acid ingredients. 
If highly acid glasses be made with the three alkalies and the same 
proportion of nickel oxide, the lithia pin® is only slightly colored 
a brownish yellow, the soda glass is a lighter brown, with no truce 
of purple ill"it, and the potash glass is rather darker in shade than 
the soda glass, hut a definite brown, Again, very similar results 
Can be obtained in beads nf the borates of the alkalies by varying 
the proportions of acid and alkali, and using the same amount nf 
nickel oxide in each set of experiments, ith potash as the .llkali 
the proportion of boric anhydride and alkali and the concentret ion of 
nickel oxido can readily be adjusted to show n bend colored brown 
when cold, but becoming a definite violet when heated just below 
a dull red heat. A like change of color has been observed in experi¬ 
mental glasses made for studying the colors obtainable from nickel. 

With cobalt oxide as the coloring agent, the difference between the 
blue colors of potash and sod# soft glasses U not very noticeable; 
but a similar lithia glass is less colored, and there is an appreciable 
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violet tint in the colon If* however, using any one of the three 
alkalies, ei highly acid glass containing the same a mount of cobalt 
oxide be made, the difference between it and the comparable soft 
ghi-> is very marked* There in much less depth of color altogether* 
What there is in a somewhat violet blue in the ease of the polish 
gloss, a rather lighter and more violet blue in the soda glass* and a 
still lighter pink violet in the lithin glass. This nearly pink glass 
goes to o weak hut quite distinct blue when heated. 

The effect of the alkalies potash and soda on the color of borates 
is not so marked in the case of cobalt as it is in that of nickel. 
Lithiu in comparison with them always gives for equivalent pro- 
port ions a much more decided violet tint in the blue. The influence 
of the proportion of base to acid* however, is marked* and can he vm 
well ^een by using any one of the alkalies in varying proportions with 
molten boric anhydride* to which a small ansmint of coball oxide 
(about 0.26 per cent) has been added. [Cohalt oxide dissolves in 
highly heated boric anhydride, but on cooling cobalt bo rate separates 
mu, giving an opaque, very pale I due, glassy mass,] Taking lithium 
carbonate as the alkali and adding only a very small Amount {about 
0.25 per cent) the whole of the cobalt remains in solution on cooling, 
and the reuniting glass is seen to be blue while still hot* to change to n 
more and more violet tint on cooling* and to be almost a pink when 
cold* The addition of more of the alkali intensifies the blue color* 
giving greater depth of color* and the mass when cold is si violet 
blue. Similar variations in color can be obtained with equivalent 
quantities of potash and soda* but the effect uf these alkalies is 
always to give a more pronounced blue as the amount of alkali m 
increased. Comparing the weakest base* lithin* then* with potash* 
the strongest* and progressively adding each to borate beads con¬ 
taining cobalt, no amount of lithia, up to the point when it is im- 
[Kissible to keep the bead vitreous, will give as blue and ns strongly 
colored a bead os the equivalent, or even less than the equivalent* of 
potash will produce. There is always a more violet tint in the lithia 
heath 

In conclusion* ei brief reference may be made to another coloring 
agent, topper oxide. This oxitie is not soluble in boric anhydride 
when a larad of the latter is heated in an oxidizing flame* but by the 
addition of an alkali a dear blue l>eiid is obtained. Should the alkali, 
e. g„ potash, be added in very small amount, so as to give a highly 
arid mixture of about the ram posit ion, for instance* represente?! b_v 
the portions K^O,SOB a O aT the coloration due to about 0*2T> per cent of 
copper oxide is so faint that the bead h practically colorless* although 
this amount of the oxide is sufficient to give a markedly blue bead 
in itcifiissimn bi-borate, K^O^B f O v In this case, abo, then the color 
becomes more intense as the amount of alkali used is increased. 
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One Lb tempted to compare this effect of alkali on the copper oxide 
jind boric anhydride mixture with that of water on cop[wr aulphatv, 
which, in the anhydrous state, represented by the formula CnSO t , 
is white. The addition of water sufficient to give the composition 
CqSOj.HjO leaves the substance still white; but with more water 
the well-known blue copper sulphate CuS0*.&H*0 is produced. 
Without going so far as to call this an example of hydrolysis by 
water, it may not in 1 too much to speak of the development of ™lor 
og indicating in CuS0,.5H,0 a greater tendency to the formation of 
blue ropier hydroxide than is possible with the smaller mass of 
water in CuSO^.HjO- 

The notion that there is nn analogy here with the progressive de¬ 
velopment of color in glasses and Ideates with increase of alkali may 
be suggested, but with reservations. Still, the changes from brown 
10 violet in the case of nickel, from pink to blue in the case of cohalt, 
and the progressive development of the color of copper, all brought 
about by increasing the proportion of alkali, do seem to point, if 
not to a definite separation out of the oxides of these metals, to some¬ 
thing like it in the sense that with very little of the alkali present the 
oxides of the metals may be playing a basic part, but arc turned out 
by more of the stranger base (the alkali), and may be either freed 
or caused to play the part of acids to the alkali. The study of a wide 
rmigo of coloring agents in glasses has furnished some facts which, 
from a chemical point of view, lend plausibility to the notion and 
others which seem to need a great deal of interpretation to support it. 
As an idea it has been useful in suggesting methods of producing 
ok well as preventing color in glasses. More facts, however, must bo 
accumulated for a fuller and more correct shaping, in its physical 
and chemical aspects, of one of the many interesting problems con¬ 
nected w ith glara- 
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introduction*. 

During die period of unrest and uncertainty through which we are 
still painfully groping the many distrusting cal lit o[>nn my time 
and thoughts have made performance of the duty to prepare a presi¬ 
dential. address particularly difficult. In view of these circum¬ 
stances I may perhaps hope for your indulgence if my effort shows 
some lack of thoroughness in ks preparation and falls short of the 
high standard set by some of my distinguished predecessors. The 
subject of a presidential address to the academy should* I think, be 
of wider interest and more general character than would ordinarily 
be an account of work in the speaker * particular branch of science* 
and this condition I have attempted to fulfill Although what fol¬ 
lows will deal especially with national geological surveys, much of 
it will apply in principle to any scientific bureau conducted as a 
Government organisation, 

REASONS FOR THE EXISTENCE OF A NATIONAL GEOLOGICAL 

SURVEY. 

In the beginning it may be well to review briefly the reasons for 
the existence of a national geological survey. Why should the Gov¬ 
ernment undertake work in geology while it leaves investigations in 
other sciences to private initiation and enterprise! The reasons that 
may be adduced will differ with the point of view. The geologist 
will suggest that whereas some sciences* such m chemistry, physics* 
or astronomy, may be pursued successfully with stationsry and per¬ 
manent equipment at any one of a number of localities, geology is 
regional in in* scope and is primarily a field science as contrasted 
with A laboratory science. Geology, it is true, must avail itself of 
laboratoiy resources and methods, hut the geologist ran nut have 
the greater part of his material brought to him; he must himself 
seek it afield. Thus it comes tthnut that comprehensive geologic 
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problems require lor their solution the equipment of more or less 
expensive expeditions or travel over large ureas. Such projects* 
as a rale, can not be undertaken by individual geologists or by local 
organizations. The preparation of a geologic map of a whole coun¬ 
try, with its explanatory text, generally recognized as essential fun¬ 
damental work, m an undertaking that requires consistent effort by 
a central organisation extending over a [wriod of years. Such a 
map is not likely to result from the patching together of the results 
of uncoordinated local effort* From a broadly utilitarian point of 
view the intelligent layman m well as the geologist must recognize 
that the development of a country's natural resources in such a 
manner as to secure their maximum use for the greatest number of 
its citizens necessarily depends upon reliable information concern¬ 
ing the character, location, and extent of these resources and that 
this information should be available before they are exploited by 
those who have eyes only for their own immediate profit or before 
they pass entirely into private control or are exhausted. Such infor¬ 
mation can lust be obtained nnd published by an impartial national 
organization responsible for its results to the people as a whole. 
Such a layman will recognize also that knowledge of the mineral 
resources of a country must rest upon a geological foundation. As 
Proh J. C- Scanner has recently said in his +l Outlines of the Geology 
of Brazil tf r 

After a Ufp spear chiefly la arrive mH^e work nn.l in the directing 
Wart E should he remiss in my duty to llnusil If 1 did not use this ore&Jiion to 
tiree on BreLsUtan Htatfsraaen the serious n&emti ty f»r the active etieoa moment 
and support of edenHOp geologic work on the part of the Xutinmd nnd Slate 
Govern cm-Ei Eri. Knowledge imwt pte*redc the application of knowledge In Reoloj-j 
ns we] | as In other matters; and TUiJess tbc development of the eoantry^s 
mineral resotircew he hauted on ami proceed from a aeleatlllc knowledge of lift 
geology there m\m Inevitably be vnsto of elfiut, lo*s of money, und the delay 
of national progress Inae parable from haphazard methoils* 

Finally the citizen of narrower vision will regard as sufficient 
justification for a national geological survey the fact that he himself 
can turn to it for information and assistance in the development of 
particular mineral deposits to his own material sd van luge. 

As a matter of fact most of the progressive countries of the world 
maintain geological surveys, so that the desirability of such an or¬ 
ganization appears to have lieett gene roily recognized, whatever may 
have been the particular reason or reasons that set in motion the 
machinery of organization in each country. 

Mecognizing the fact that most of the principal countries have 
established geological surveys and granting that there arc good 
reasons for considering the maintenance of such an organisation 


*1 tL SnD&ir, OuiSlMr* of tfe# cetfloer of Ur&ril* CfeL fiw. Amfr. Bull S4S;IDI, ipip 




NATIONAL GEOLOGICAL SUKVEY—RA3TSOME. 263 

as A pro|>er governmental function* we may next inquire, What 
should be the ideals and duties of a geological survey? How may 
these ideals be realized and these duties per formed? 

GENERAL LEGAL FUNCTION'S. 

The organic act of the United States Geological Survey specifies 
indirectly and in general terms the field that the organization should 
occupy. It states, with reference to the director* M this officer shall 
have the direction of the Geological Survey and the classification of 
the public lands and examination of the geological structure, mineral 
resources* and products of the national domain.* 

Doubtless the laws nr decrees under which other national geologi¬ 
cal surveys have been established also prescribe to some extent their 
duties. Such legal authorization, however s is as a rule so gene ml as 
to leave room for considerable latitude in its interpretation. I pro¬ 
pose first to discuss the functions of a, national geological survey 
without reference to legal prescription or definition and afterwards 
to consider the extent to which some of the actual conditions inter¬ 
fere with the realization of these idcaK 

USEFULNESS IN SCIENCE* 

It has been the fashion in some quarters of late to emphasize use¬ 
fulness as the chief criterion by which to judge the value of scien¬ 
tific research under Government auspices. It has been intimated 
that this or that scientific bureau of the Government must do a use¬ 
ful ” work if it is to justify its existence and its expenditure of public 
funds. The statement Is usually made with an air of finality, as if 
a troublesome question had been once for mil disposed of and the 
path of the future made plain. As a matter of fact* however, when 
it is said that science must be useful in order to receive Government 
support we have really made very little advance. Probably the 
most idealistic scientific man will admit that ultimate usefulness is 
the justification for scientific research, Although that end may not 
enter into his thoughts when he undertakes any particular investi¬ 
gation with the hope of increasing human knowledge, lien will 
differ very widely* however* as to what is meant by usefulness in 
science. It is well known to all scientific men, although not vet as 
widely recognized by other? as it should be, that the utility of re¬ 
search b not generally predictable* For example, the investigations 
on electricity for hundreds of years preceding the middle of the 
nineteenth century had* so far as could be seen* no practical bear¬ 
ing* The experiments of Volta, of Galvani* and even those of our 
own Franklin, outside of his invention of the lightning rod. were 
not conducted with any thought of utility and were probably looked 
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upon by Hit 1 people of the time as diversions of the learned* not 
likely to have much effect upon human life mud program. How 
erroneous such a view was it is unnecessary to point out to a gen¬ 
eration accustomed to daily use of the lroller car, telegraph* tele¬ 
phone. and electric light. N T ot only is the utility of lienee not 
always predictable* but it is of very different kinds. That astronomy 
him certain practical applications in navigation and geodesy is well 
known; but important as these applications ure they seem insig¬ 
nificant in comparison with the debt that we owe to this science for 
enlarging our intellectual horizon* This, too* is usefulness which 1 
venture to think is of a truer and higher sort than much that parses 
current for utility. The classic researches of Pasteur on the tartaric 
acids, on fermentation* on the anthrax bacillus, on the silkworm dis¬ 
ease. and on rabies were so-called applied science uf the very highest 
type. uidhitinguishAblfl in the spirit and method of their pursuit from 
investigations in pure science. They were not merely the application 
of knowledge to industry* but were extraordinarily fruitful scientific 
investigations undertaken lo who particular industrial and humani- 
tnrinn problems. They arc especially interesting in the present eon- 
Election as probably the most conspicuous example in the history of 
research of the merging of pure and applied science Pasteur was 
doubly fortunate in that he not only enormously enlarged human 
knowledge but was able to see* at least in part, the practical applica¬ 
tion of hte discoveries to the benefit of humanity* The value of his 
results measurable in dollar? is enormous, yet thus is not their only 
value. Prof. Arthur Schuster, in a recent address, remarks; 

The researches of Pasteur IMen and their follower*. are triumphs *>f faience 
nprrtled directly to the benefit of maiikJnfi' but I fanner that th<?lr hold rui our 
Imagination la mainly due to the new vf^tn apefted out on the an tare of dt^a^e; 
the mnrrtliMil working of (he Sflwor forma of llfe p and the almqsi human at- 
tributes of bliwd corpuscles, which have been dlseloseiL 

The effect on a community is only the summation of the effect on Individuals, 
nmt If we JjufiEc bj individuals there eau he little doubt that* except under the 
stress of abnormal dreumstniives pur? knowledge hm an stress t a hold upon the 
public mind as the story of jta applications. 

Quite independently of any recognized usefulness, investigations 
that yield results that are of interest to the public are willingly sup- 
ported by the people, and this feet is significant in connection with 
what I shall have to say later on the function of education. As 
illustrations of this truth may be cited our Government Bureau of 
Etlukiilogy and our large public museums. Probably few who read 
the admiral ile Government reports on the aboriginal antiquities of 
our country and on the arts and customs of the Indian tribes could 
point out any particular usefulness in these studies; but they have 
to do with human life, and their popular appeal is undeniable. The 
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average visitor to a museum probably bus little conception of what 
to u scientific man is, the real purpose of such ail institution. He 
gazes with interest at the contents of the display cases without realiz¬ 
ing that by far the greater part of the material upon which the 
scientific eta IT is working or upon which investigators will work in 
future is hidden away in drawers and packing eases. The principal 
recognizable result, so far ns he is concerned, is that he is interested 
in what he sees and feels that he is being pleasantly instructed- 

In other words, it is ns important for man to have his imagination 
quickened as to have his bodily needs supplied, and in ministering 
to either requirement science is entitled to I* called useful or valuable. 

It may be remarked in passing that Pasteur’s work bad this in 
cniumuu with pure science, or science pursued with the -'-ingle aim 
of adding to human knowledge, in that Pasteur himself could not 
foresee all of the applications that would in future be made of his 
discoveries. 

Enough, I think, has been said to show that the term “ usefulness n 
us applied to science covers a wide range and that when employed by 
people of imagination and liberal culture it may include much more 
than when used by those whose only standard of value is the unstable 
dollar. 

FUNCTIONS UNDER AN IDEAL AUTOCRACY. 

If government were in the hands of a wise and benevolent autocracy 
a national geological survey would be so conducted as to be useful to 
the people whose taxes go toward its support, but it would probably 
be useful in the broader sense that I have outlined. Tt would give 
the people not perhaps what they thought they wanted but what, in 
the wisdom of their government, seemed best for them- 1 believe 
thsit n survey ho directed would aim to encourage and promote the 
study of geology by undertaking those general problems and regional 
investigations that would be likely to remain untouched if left to 
private enterprise. It would lay the foundation for the most eco¬ 
nomical and efficient development of the natural resources of the 
countiy by ascertaining and making known the location, character, 
and extent of the national mineral resources. As an aid to the 
intelligent utilization of these resources and to the discovery of de¬ 
posits additional to those already known, it would properly occupy 
itself with problems concerning the origin and mode of formation 
of mineral deposits. Lost, but not least, it would accept the responsi¬ 
bility, not only for making known the material resources of the 
country but for contributing to the moral and intellectual life of the 
Nation and of the world by seeing to it that the country's resources 
in opportunities for progress in the science of geology are fully 
utilized. I may ill list rate my meaning by examples taken from the 
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publications of the United States Geological Surrey. In my opinion, 
such work o£ Duttons Tertiary History of the Grand Canyon* Gil¬ 
berts Lake Bonneville* and the investigations of Marsh* Cope, and 
their successors on the wonderful series of reptile* bird* and mammal 
remains found in the Cretaceous and Tertiary strata of the West are 
fully as adequate ami appropriate a return for the exjtenditure of 
public funds as a report describing the occurrence of a coal bed and 
giving the quantity of coal available in a given Geld- Many years 
ago when the United Stales Geological Survey was under heavy lire 
in Congress one Member of that body in some unexplained way 
learned that Professor Marsh had discovered and had described in 
a Government publication a wonderful fossil bird with teeth—a great 
diver Up to 6 foet in length. He held this up to ridicule ns a glaring 
example of the waste of public funds in useless scientific work, quite 
unaware of the light that this and similar discoveries threw upon the 
interesting history* of the development of birds from reptiles and 
upon evolution* or of the intellectual value of such a contribution to 
knowledge. The representative of a people educated in the value of 
geologic science would* by such an exhibition of ignorance* discredit 
himself in the eyes of his constituents, 

FACTIONS IN A DEMOCRACY, 

Our Government, however* is not an a 11-wise benevolent autocracy* 
but is democratic in plan and intent and suffers from certain well- 
known disadvantages from which no democracy lias yet been free. 
The wishes of the politically active majority control, and those wishes 
may or may not coincide with those of the wisest and most en¬ 
lightened of the citizens* The funds for Government work in science 
must be granted by Congress* and the vote of each Congressman is 
determined by the real or supposed desires of hb constituents. A 
national! scientific bureau, if it is to survive* must have popular sup¬ 
port* and to obtain and hold such support it must do at least some 
work that the majority of the people can understand or can recognize 
as being worth the doing. Here evidently compromise with scientific 
ideals is necessary. Something musrt lie sacrified in order that some¬ 
thing can be done. Such concessions and compromises are inseparable 
from democratic governments and the scientific man of high ideals 
who b unable to recognize this fact will inevitably fail as a director 
of the scientific work of a government bureau. Such a man b likely 
to insist that no concessions are necessary and that the public will 
support science which is not interesting to it or from which it can 
see no immediately resulting material benefit. One very eminent 
geologist with whom I was once conversing held tills view. He said 
that lie had always found that lie could go before a legislative body 
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und secure appropriations for scientific research by being absolutely 
frank and malting no attempt to show that the results of the work 
would be what the average man would term “■ useful" within the 
immediate future* His confidence wus possibly well grounded, but I 
am inclined to think that die success gained by him was rather a 
tribute to his earnest eloquence and winning personality than a proof 
that die people are yet ready to contribute their taxes to the support 
of investigations that, so far as they can see* are neither useful nor 
interesting. 

CHARACTER OF COMPROMISES, 

Lost it be supposed that I am advocating the surrender of the high 
ideals of science to the political business of vote getting, 1 hasten to 
point out that surrender and compromise are not synonymous and 
may be very far apart. Some compromise there must be, but in my 
opinion the most delicate and critical problem in the direction of a 
national scientific bureau is to determine the nature and extent of 
this compromise so as to obtain the largest and steadiest support of 
real research with the least sacrifice. Complete surrender to popu¬ 
larity may mean large initial support but is sure to be followed by 
deterioration in the spirit of the organisation and in the quality of 
its work, by loss of scientific prestige, and by final bankruptcy even 
in that popular favor which had been so sedulously cultivated. 

The extent to which concessions must be made will depend largely, 
of course, upon the general level of intelligence of the people and 
upon the degree to which the less intelligent are influenced through 
the press and other channels by those who are able to appreciate the 
value of science. The more enlightened the people the more general 
and permanent will be their support of science. 

importance of popular education is neology. 

This leads us to the consideration of what I lxdievc to be one of the 
most important of the functions of a government scientific bureau, 
namely, education. Of all forms of concession, if needed it is really 
a concession, this is the least objectionable and most fruitful. Its 
results are constructive and cumulative, Tt is not, like other conces¬ 
sions to popularity, corrosive of the scientific spirit of an organiza¬ 
tion, and in so far as it calls for clear thinking and attractive presen¬ 
tation by those who put it into practice, as well as the ability to gresp 
and expound essentials, its educational effect may be subjective no 
l,.S 3 than objective. Whatever may be true of those engaged in other 
sciences, geologists In this country have shown little interest in popu¬ 
larizing their science or in encouraging its pursuit by amateurs. 
Such attempts as have been made have often been inept and uasuc* 
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rassfui, und other professional geologists have looked with more or 
less disdain upon those of their fellows who have tried to expound 
their science to the people. They have felt that men with unusual 
ability for research should devote all of their energy to the work of 
enlarging the coniines of knowledge rather than to that of Jitscininut- 
ing and popularizing what is known to the few. There is undoubt¬ 
ed! J’ much to 1* said for this view, and when applied to certain ex¬ 
ceptional men it is strictly correct. When, however, we think of 
Darwin and compare the magnitude of his achievements with tha 
pains that he took to make his conclusions comprehensible by the 
multitude, we arc inclined to fed that only by extraordinary ability 
and performance In certain directions am an investigator in natural 
science be altogether absolved from the duty of making himself in¬ 
telligible to more than a few specialists in his own line. There are un¬ 
doubtedly many scientific men, thoroughly and earnestly convinced 
of the importance of their researches, who would in the "long run lie 
doing more for humanity and perha|& for themselves if they would 
spare some time to toll us as clearly and attractively as possible what 
it U that they are doing. While I believe this to t* true of scientific 
men in general, it is particularly true of those who are officially serv¬ 
ants of a democracy. A democratic government might almost l*e 
characterized as a government by compromise, and this is one of the 
major compromises that confronts scientific men in the service of 
such a government. The conclusion that a very - important function 
of a national geological survey is the education of the people in 
geology and the increasing of poptdar interest in that science, appears 
to be unavoidable, yet It is surprising how little this function Iijlh 
been recognized and exercised. The results of such education are 
a direct and permanent gain to science, whereas, on the other hand, 
the consequence of prostituting the opportunities for scientific work 
to satisfy this and that popular demand for so-called practical results 
in any problem that happens to be momentarily tn the public eye is a 
kind of charlatanry that is utterly demoralizing to those who prac¬ 
tice it and that must ultimately bring even popular discredit on 
science, A bureau that fallows such a policy can neither hold within 
it nor attract to its service men animated by the true spirit of 
investigation, 

METHODS OF EDUCATION. 

It is not practicable in the present address to discuss in detail 
ihc many possibilities of educational work in geology. Only tt 
few general suggestions can be offered. 

In llio first place the importance of education by a national 
geological survey should be frankly recognized, and the idea that 
it is beneath the dignity of a geologist to participate in this func- 
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tion should he discountenanced. A geological survey should in- 
dude oil its stuff one or more men of high ability vrlio are ewpeeiu y 
lifted in interesting the public in the purposes, methods, and re¬ 
sults of geologic work—men of imagination who can see the romance 
of science: men of broad sympathy who know the hearts and minds 
of their countrymen from one border to the other; men unbue< 
With the truthful spirit of science: and, finally, men filled m the 
nit of illuminating the cold, imperial results of science with a 

warm glow (if humtin interfistr . 

It should be the duty of these men to see that so far as poasible 
all the results of geologic work are interpreted to the j™P l * *"*!£ 
everv citizen van benefit to the limit of h,s mdmdual cujmity. 
Hagazmes, the daily papers, moving pictures and al othw pass 
mJns of publication should l* utilized. There should l* dose 
contact with educators, and special pains should be taken to pro- 
mre material for use in schools and colleges, t are fully planned 
courses at university summer schools and elsewhere might be given 
STSnbers of the education*! or publicity staff or by certain 
Elected geologists from the field staff. 
aSfoJrfs in preparing P»P- tyort. 

particular rare the question, Who may be reached by th s. . 
Licntilic results can not be popularised, and papers on 
be written in the concise, accurate language of science. 
however, mav, bv taking sufficient care and trouble, be made interest- 
Ho more than a small circle of scientific re leagues. Every effort 
Ed be made to enlarge this circle by simple and attmehreF£ 
filiation T am inclined to think that in some cases a geologist m ght 
IJKJS or as a part of his complete report an abstract or 

tfeume in which all effort is concentrated ^^^were 
interesting Se^SwwSS he in a position to appraise 

science and at a saving in paper and printing. 

RELATIONS IVITH r NTVK RSIT133S, 

In connection with the subject of oducstion aUention may W 
called to the fundamental importance of establishing and mnm- 
r I:l, riosc and cordial relations lietwccn a government scientific 
S3? SreT-l—W» Tfc. «i1vant«4fe* of «k «Wk-• «. 
gn ro . my that it is difficult to enumerate them all, but it muy be 
tinted out that any plan of popular education in scieure wdl tie 
serioiislv crippled if the professional teachers, whore influence in 
molding the thoughts ami determining the careers of the young 
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men and women of the country is so great ure out of sympathy 
with the government organization that is attempting to quicken the 
interest of the people in a particular branch of science* Moreover, 
it is vital to such an organization that it should alt rivet to its service 
young men of exceptional ability in science- This It Is not likely 
tu do if professors of goolcsgy feel that they must conscientiously 
advise their most promising graduates to avoid government service. 
Doubtless some teachers of geology in the universities fail to real!re 
the necessity for some of the compromises inevitable in a gnvern- 
miuit bureau or in their impatience nt some of the stupidities of 

bureaucratic procedure are inclined to place the blame for these 

where it does not belong; a few may cherish la-rsonnL grievance^ 
Jfu doss of men is without its unreasonable members, and neither 
rectitude nor tact can prevent occasional clashes; but if a national 
geological survey can not command the respect and hearty support 
of most of the geological faculties of the universities the com 

sequences to the progress of geology must be deplorable. Any ap¬ 

proach to such a condition demands immediate action, with les^ 
emphasis on the question, ib Who is to blame? hl for in all probability 
there may l>e some fault on both sides, than on It What van l^e done 
to restore relations of mutual regard and helpfulness ?* 1 

THE AMATEUU IN GEOLOtSY, 

In the present age of specialization we are apt to forget how much 
geology owes to amateurs, particularly in Britain and France Sir 
Archibald Geikic in the concluding chapter of his Founders of 
Geolngv dwells particularly on this debt. He Baysi 

In me account which tm* been presented In Oils volume of the wortc of soidp 
of the more potable men who have created the srkmce of gealofiy. asm or two 
kudln? facts stand out prominently before ns. Its the OjsI ptect* oven In the 
list of Beleeteil namea which we have eonsitlercKl, It Is remarkable! bow varied 
have been tbe ordinary avocations* of these pioneers, The majority have been 
men b'iL^ucer.1 In other purenltss. who buvu dr voted their lelaure to the ctdtlvidkn 
Of pEHteittCal Httdltt. Rtemi, Gucltattb Patina, Fttchsel, and many inure were 
pjijuiniHtm. either led by their medical training to Interest themselves la mi tarsi 
history, or not seldom, even from boyhood* so loud of ilu tun.il history a* tu 
chotue medicine as their protewlOn becauHc of Its affinities with Unit brunch 
of science. Glraud-Sonlavle and MSchell were cler^uictL Mureld*nn was rt 
retired saddler, Akxnndre Btragntatt was fit first hdu&£iv| in aupcribtendfiig 
the iwrethda manufactory of BC-vtca Peumreot wm n hard*wofted dvll serr- 
nut who saatchPl Id-1 intervals for ecology from the tells of Incessant official 
occupitlon, William Smith found time ter his researches Id Lhe midst of oil 
the canvi and anxieties of his profession as an engineer ami surveyor* Hint on, 
Hull* DeSausHnre^ Von Bm-h* Lyoll, and Darwin were iucd of means, who 
scorned a life of sloth All ease, and dedicated themselves am! their fortunes to 
the study of the history of the earth. Playfair nml Curler were both teachers 


o* y«fttlcsA H wrold &*m t4 I# t ht rlfht ward iwre. F. L. lt_ 







NATIONAL GEOLOGICAL SUJCVET—RAN&OME. 


271 


of other brtmehes «f sdrat-e. IrmlrtRiljr drawn Into the Sphere of cwloxfcal 
Inquiry and speculation. Of the whole gallery of worthier that have passed 
liefer u *. n compilative!? sinnll prnportlou «mtd be etess®* n* In the strictest 
•jciisti professional ceolof-'i*!*, such as Werner. Sedgwitlt, and Lipin. tten> in 
to step outside of ilmt gallery, ami loelade the names of nP who luive betpal 
«. lay Ilu< fouTulatlous u f the odeiwe, we sbouiil Hod the jirepartlon to be still 

From (lie beginning of Its career, geology 1ms owed its foundatluu uud Its n*l- 
met to no select anil privileged class. It 1 ms 1*™ open t» all who cared to 
undergo the trials which It* successful prosecution demands. And what It lni> 
bee,, in tht part. It rciaatns toslny. Nu hnito h of natural kaowledpr lies more 
Invitingly open to every sic Jen t who, levies the frail face of Nature, Is wllllns 
to train Ills brolly of observation In the Held and to discipline hi* mind by 
the patient correlation of facta and the fearless dlBrtCtlun of theories. To 
sc, h nu Inquirer no limit «n he set- He may he enable! to wlmiM ports of the 
temple of science, or to tidd Pew towers fttid pinnacles to Its superstructure. Ism 
even If he should never venture Into such ambitious umJertakings, lie will gniu. 
In the cultivation or gtsdoglotl pursuits, a solace and enjoyment umLd the care* 
of life, which will become to him a source of ilia purest Joy, 

In tliis country at the present time, as Mr. David White, in an as 
vtt unpublished address, has, I believe, pointed out, the amateur geolo¬ 
gist is rare, owing partly to the way in which the subject is taught, 
lind few indeed are the contributions made to the science by those 
who follow geology as an avocation or hobby. This is unfortunate, 
and an improvement of this condition should be one of the major 
objects of the educational program of a national geological survey. 
The science lends itself particularly to pursuit aa a recreation by 
men of trained intellect who must find in the open air some relief 
from sedentary professions. In a country still so new as ours geologic 
problems lie on every hand, and many of them can lie solved wholly 
or in part without el aerate apparatus or laboratory facilities. The 
standards for the professional geologist should be high, but there is 
no necessity that maintenance of such standards should lie accom¬ 
panied by a patronizing or supercilious attitude toward the work 
of the amateur. Rather, let the professional geologist cultivate 
sympathy, tolerance, and generosity toward all who are earnestly 
sacking for the truth; let Urn help by encouragement instead of 
deterring by disdain. There is no better evidence of a wide interest 
in geology' than the existence of numerous amateur workers, and it 
is decidedly to the advantage of the professional geologist it ml of 
the science to encourage in every way possible the efforts of such 
workers and to increase their number, 

KINDS OF W’OUK TO BE UNDERTAKEN BT A NATIONAL UFOLOGICAL 

SLR VET, 

There has been considerable difference of opinion as to the kinds 
of work that should be undertaken by a national geological surrey. 
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Shull its told be confined to what may lie included under geology or 
shall it embrace oilier activities; such as topographic mapping, hy¬ 
drography and hydraulic engineering, mining engineering, the classi¬ 
fication of public lands, the collection and publication of statistics 
of mineral production, and the mechanical arts of publication such na 
printing and engraving. These various lines of activity may he 
divided into two main classes—those that are more nr less contribu¬ 
tory to or subordinate to the publication of geologic reatilts, und those 
that have little, if any, connection with geology* 

1 am one of those who believe that fit geological survey should tie 
essentially what its mum implies—that it should confine its activity 
to the science of geology* This opinion is held* however, in full 
realization of the fact that here, as elsewhere, some compromise muy 
he necessary* This may be dictated by law or may be determined by 
policy. 

The organic law of the United States Geological Survey, for ex- 
am pie p includes among the duties of the organization w the classifica¬ 
tion of the public landed There may l>e some difference of opinion 
as to wbnt the framers of the law meant by this provision, but it is 
at legist a reasonable conclusion that they intended the sort of classi¬ 
fication adopted by* the General Land Office, If so, the determina¬ 
tion of the so-called u mineral” or LL tionmineral M character of public 
lamb is undoubtedly a proper function of the United States Geolog¬ 
ical Survey, although it is one that whs neglected by that survey for 
many years and has not yet received the recognition of a specific ap¬ 
propriation, except recently In connection with the stock-raising and 
enlarge J-homebtcaJ act£- 

TOPOGRAPHIC MAPPING* 

Inasmuch as the preparation of a topographic map is a nccoseary 
preliminary to accurate and detailed geologic mapping, a geological 
survey h vitally interested in seeing that satisfactory maps are 
available as needed< Whether a particular geological survey should, 
itself undertake this mapping depends upon circumstances* If an¬ 
other Government organization is equipped for doing this work unJ 
cun provide maps of the requisite quality when needed, U would ap¬ 
pear that the Geological Bureau should leave this work to the other 
organization* particularly as the maps required to keep abreast of 
geologic requirements are likely to constitute only a part of the work 
of the topographic bureau* There are certain decided advantages, 
however, in having the topographic work done by the Geological 
Survey, and these advantages must be weighed against other consid¬ 
erations, With the topographic and geologic work under a single 
control, the geologist is more likely to be assured of getting the kind 
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of mnp lie desire sit the lime it h oecdecL Cooperation luetween 
geologist and topographers is apt to bo both closer nod more flexible 
than it would be if the two staffs were in separate organizations. 
Finally, the field work in topography and geology is in some respects 
alike and is carried out by similar methods and equipment. Occa¬ 
sionally the two kinds of work cun t*? combined and carried on simul¬ 
taneously. 

The general question—whether a national geological surrey shall 
do its own topographic mapping— appears to lie one that can not be 
answered once for all but must be determined for each country. In 
an old country, where arcundo and detailed maps have long been 
made by military and other organizations, a geological surrey may 
he under no necessity of providing its own topographic base maps. 
In anew country, where exploration is still in progress, the Oeologi- 
cnl Survey may have to make its own topographic surreys. The mnin 
[joint, as I sec it, is that the Geological Survey must have maps of 
the standard required by it with the least possible delay but should 
not undertake tv make them itself if other organizations that can 
and will provide the maps needed are already in the field. 

statistics; op siineual production. 

Wo have seen that there is sd least a very close connection between 
topographic and geologic mapping and that in this connection may 
lie a sufficient reason why both kinds of work should he undertaken 
by the same organization. Is there os good a reason why the study 
of geology and the collection of statistics of mineral production 

should be united? ^ ^ 

When shortly after the organization of the United States Geo¬ 
logical Survey the collection of statistics was begun, those geologists 
who were most influential in urging that the survey should under¬ 
take statistical work adduced as the principal reason that the people 
desired such figures, and if the Geological Survey did the work it 
would be able to secure larger appropriations than if the task were 
left for others. It docs not appear to have been thought at that time 
that geologists were the only him who could satisfactorily do statis¬ 
tical work or that it was necessary to impose this task on them. 
Subsequently, however, the work was apportioned among the geolo¬ 
gists, The reasons for this step appear to have been, first, that the 
results of having the statistical reports prepared under contract by 
specialists who were not on the regular staff of the organization had 
proved unsatisfactory; second, that by apportioning the work among 
the geologists already on the staff not only would the apparent cost 
in money he less than under the former arrangement, but it would, 
in a bookkeeping sense, lua very much cheaper than taking on new men 
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for this particular work; finally, it was argued that geologists could 
apply their knowledge of the field relations of ore deposits to improve 
the character of statistical reiKiris and would themselves benefit by 
additional opportunities to visit and examine many deposits that 
they might not otherwise see- 

It is undoubtedly true that the statistical reports of the United 
States Geological Survey have greatly Improved in accuracy* 
f nlin waSj and general interest since this plan was adopted* It is 
also true that some geologists have turned their opportunities as 
statistical experts to good account both in enlarging their experience 
and bv gathering material that has I wren worked into geological 
papers Nevertheless* the policy has, in my opinion, been a mistake 
both economically and scientifically. It has insidiously filched the 
time of highly trained men who have shown originality and capacity 
for geologic research and has tied these men duwn to comparatively 
easy and more or less routine tasks. Some geologists who were once 
scientifically productive no longer contribute anything to geological 
literature but are immersed in work that men without their special 
geological training could do as well. To a certain extent the policy 
is destructive of scientific morale A young geologist sees that a man 
who publishes, annually or at shorter periods, reports on the sta¬ 
tistics of production of some metal becomes widely known to all 
interested in that metal and is considered by them as the United 
Slates Geological Survey's principal expert on that metal. Tbb 
easily won recognition, with nil that it implies or seems to imply iu 
the way of promotion and of industrial opportunity* must constitute 
a real temptation so long as a scientific man is expected to contribute 
his own enthusiastic devotion to science as part payment of his 
salary* The incidental geological opportunities ottered by statistical 
work are found chiefly in connection with a few of the minor min¬ 
eral resources, rather than with such industrially dominant com¬ 
modities as petroleum, iron, or copper, and these opportunities for 
the individual geologist are soon exhausted and are likely to b« pur¬ 
chased at a price far out of proportion to their value. The suppo¬ 
sition that geological training is essential for good statistical work 
in mineral products is u fallacy, and no man who shows promise of 
making real contributions to geologic science should be placed in 
such circumstances that he is virtually forced to worship an idol 
whose head may be of gold and precious stones hut whose feet are as¬ 
suredly of clay. I am emphatically of the opinion that the collection 
of mineral statistics is not logically a fund ion of & national geo¬ 
logical survey. If, however, such a survey is committed to this task 
by Inw^ by the lack of any other organization to do the work, or by 
well-considered reasons of policy, then it is even more certain that 
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tire dniv should not devolve upon geologists at the expense of their 
own science but should l» eared for by a special stuff. Some coopera¬ 
tion Itetweea the statistical stall and the geologic staff may lie advis¬ 
able, but die extent of this cooperation should be determined by 
executives who are fully alive to the necessity of safeguarding geol- 
ogy against encroachments by statistical work- 

WATKH 

Studies concerned with the occurrence of underground water are 
of course as much geological us those concerned with the occur- 
rence of petroleum. Investigations of surface waters, however, in¬ 
cluding stream gauging ami the study of water power, come within 
the field of engineering and have so little connection with geology 
that it is difficult to see any logical ground for their inclusion within 
the "roup of activities belonging properly to a geological survey. 
In an ideal apportionment of fields of endeavor among the scientific 
and technical bureaus of a government, stream gauging and estima¬ 
tion of water power would scarcely fall to the national geological 
survey. As it happens, the United States Geological Survey does 
perform these functions, and I am not prepared to say that there 
l not ample legal and practical justification for this adventitious 
prowth on a geological bureau. There has been little or no tendency 
to draft geologists into hydraulic engineering, and consequently the 
principal objection urged against the inclusion of statistical w * r 
within the sphere of a geological survey doc* not here apply. Ap¬ 
parent! v the only practical disadvantages are the introduction of 
additional complexity into a primarily scientific organization and the 
consequent danger of the partiat submergence of principal and pn- 
marv functions by those of adventitious character. 

It should he pointed out in this connection that certain studio 
of surface water*, especially those that are concerned with the char¬ 
acter and quantity of material carried in suspension and m solu¬ 
tion in ri ver wate r$, ha vc m uch peologi cal tm port anre. ,.ueh st udire 
supply data for estimating the rate of erosion and sedimentation. 
They are to be regarded, however, rather ns an illustration o 0 
way in which geology overlaps other branches of science and utilizes 
their results than as reason for considering hydraulic engineering as 
normally a function of a geological survey. 

foreign mineral resources. 

One of the results of the war was to suggest the advantage to 
the citizens and Government of the United States of a central source 
of information concerning the mineral resources of foreign conn- 
- tries The United States Geological Survey undertook to gather 
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tliis information, primarily for the specific purpose of supplying 
duta t» the American representatives ut the peace conference. As 
the Director of the Survey states in his fortieth annual report : 

Twn penenU imrjtoees were served—first that of cbtntnltiff a clear under- 
sLHjutnia (»: the reJattoaa Iwtwcen <nsr own war needs and the foreipn source 
<'f iftjpjily from which Hies, needs ihuhi r>r could he met; Bm.tiil,, that nr ob¬ 
taining iin tinitemflcilLng of the betirinjt or mineral rewonxa tspnn the orl^la 
and conduct of the war amt tj[»on the policial and reuaiercLat rendjustaients 
that would follow Hie end of b< m till tie*. 

This work, of a kind dial so far ns known has not Wu previously 
undertaken by any national geological survey, has bo continued 
with the view that it is important for those who direct American in¬ 
dustries to possess us much information as possible concerning: those 
foreign mineral resources upon which they can draw or a-ainst 
winch they must compete. The results aimed at are directly practi¬ 
cal anil are largely obtained by compilation of available published 
and unpublished material, as it is manifestly impossible to make 
direct detailed invest! gat ions of the mineral resources of all fareigu 
T“ tTie f the work appears to fall appropriately 

Wlthm thc field of 11 illogical bureau, and if it can be made to 
furnish the opportunity, hitherto lacking, for geologists in the fiov- 
erument sconce to make firet-hand comparison between our own 
mine ml deposits amt those of other lands the experiment will prob¬ 
ably bear scientific fmit. 1 


CHEMISTRY AND PHYSICS. 

Mineralogy am) paleontology are so closely related to geology that 
there can be no question of the propriety of including the pursuit 
Of these sciences w.tlnn the scope of a geological survey. The appli¬ 
cation of Chemistry and physics to geological problems admits of 
more discuss ion. Chemical work, however, as carried on in connec¬ 
tion with geological investigations is of such special character and 
must be conducted in such intimate contact with geological data 0E 
to make it almost certain that better results can be obtained with a 
special stuff and equipment than would be possible were the routine 
and investigative work m geological chemistry turned over to some 
rent rel bureau of chemistry The same argument is believed to be 
apphreblo also to physio, Exarch in geophysics was at one time 
a recogmred function of the United States Geological Survey hit 
since the founding of the Geophysical Laboratory of the Came-He In 

«* ha, Seen l£ a.m« S y to 
that splendid organization, which is unhampered by some of the 
unfortunate restrictions of a Government bureau. Under the^ ' r- 
ticular and unusual conditions this course mav have been 'wise 
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although it docs not negative the conclusion that, in gen oral, jnvea- 
tigarion in geophysics are logically and properly 11 function of ji 
national geological survey. 


SOIT^S. 

The study of soils, with reference to origin, composition, and 
classification, is unquestionably a branch of geology, but the geolo¬ 
gist, with tradition behind him, generally looks upon sod us ,< 
nuisance, and geological surveys have reflected his attitude. In the 
United States the classification and mapping of soil types has for 
some years been in progress !>y the Department of Agriculture, 
While quite devoid of any enthusiasm for engaging in soil mapping, 
I wi&h to point out merely that this work, if its results justify its 
jjerfonnance by the Government and if the classification adopted is 
based on chemical, physical, and miners logical character, rather than 
on crop adaptability, is properly a function of the national geologi¬ 
cal survey, 

SEISMOLOGY. 

Another subject that is comparatively neglected by national geo¬ 
logical surveys is seismology. It can scarcely be asserted that earth¬ 
quakes have no ciTjDomk bearing, and conspicuous or destructive 
examples usually receive some official attention—sifter the event. 
The comparative neglect of systematic study of earthquakes is prob¬ 
ably due to a number of causes. One of these is that few geologists 
specialize in sei$moh>gy~a science in which little progress can he 
made unless the investigator possesses unusual qualifications in 
mathematics and physics. Another reason, probably, is that to most 
men the difficulties in the way of gaining real knowledge of the 
causes of earthquakes, nnd especially of predicting with any cer¬ 
tainty the time, place, intensity, and effects of earthquakes appear 
rather appalling. Finally, earthquake prediction, or even the recog¬ 
nition of the possibility of future earthquakes in a particular part of 
the country', is likely to have consequences decidedly unpleasant to 
those responsible for the prediction. Experience in California has 
shown that a community still staggering from a violent slinking may 
insist with some acerbity that nothing of any consequence his hap¬ 
pened and that it never felt letter in its life. 

Notwithstanding these difficulties, I believe that a national geo¬ 
logical survey, in a country where serious earthquakes have taken 
place and may occur again, should consider the collection and inter¬ 
pretation of seismologicnl data as part of its duty. Such work is 
regional in scope anil can not he carried far by local initiative and 
by individual investigators on their own resources. In spite of dlfli- 
12573*—£1-10 
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cutties. I believe that it is within the range of possibility that some 
dtty we shall be able to predict earthquakes with sufficient reliability 
to give the prediction practical utility. 

SUMMAtrt. 

Briefly snntniiirizing what has gone liefore, 1 conclude that the 
chief primary function of h geological survey is geological research 
and that the spirit of investigation should irtj the same whether the 
work is undertaken to increase knowledge and to serve as the starting 
point for further attacks on the unknown or is begun with a definite 
economic or practical result as its desired goal. Compromise and 
concession are inevitable, but the necessity for making them should 
not and need not permit the real purpose of the organization to sink 
from sight. If the members of a scientific bureau can confidently 
feel that those charged with its direction make such concessions 
wisely with the higher purposes of the bureau really at heart, their 
whole attitude towards their work will lie entirely different from 
that into which they will fall if they become convinced that scientific 
ideals receive only perfunctory regard and that the real allegiance 
is directed elsewhere. 

What may tie called the chief secondary function of a national 
geological survey is believed to 1* popular education in geology, 
byth for the benefit of the people and ns providing the n o t endur¬ 
ing basis for the support of such an organization by n democracy, 
^iTch education should be conducted through every possible channel 
nod in close cooperation with nil the educational institutions of tin? 
country. One of its objects should be the revival and encouragement 
of amateur geological observation and study. In this connection 1 
heartily approve the present trend in the policy of the American 
.Association for the Advancement of Science and believe that this 
great organization will fulfill its purpose and advance science much 
more effectively than at present if it will leave to the various special 
scientific societies the holding of meetings devoted to the presenta¬ 
tion of scientific papers, and apply itself to the popularization of 
science and to the encouragement of cooperation between different 
branches of science. 

PERSONNEL, 

Finally, a few words may be said concerning the relation between 
the personnel of a geological survey and the results obtained by the 
organization. If such n surrey is to attract to its service men of first- 
rate ability and to bold these men after thetr development and crperi- 
cnee lmve made them of the highest value, pertain inducements most 
bo offered. Salary is unfortunately the first of these that comes to 
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mind under conditions that continually force the scientific men in 
Government service to recognize painfully how inadequate at present 
is the stipend upon which he hud existed before the war. It is all 
very well to insist that the scientific man docs not work for money 
and should not trouble his thoughts with such mi unworthy con¬ 
sideration, Nevertheless if he is to do the best of which he is capable, 
lie must be lifted above the grind of poverty* bo able to give Ids chil¬ 
dren those educational advantages that he can so well appreciate, 
have opportunity for mental cultivation, end fed Ills social position 
to Ijq such that he can mingle without humiliatioii with his intel¬ 
lectual peers. If it is destructive to the scientific spirit to set up 
material gain as an object, it may be equally blighting to scientific 
achievement to force the attention continually downward to the 
problem of meager existence. The normal scientific man usually has 
other human lyings dependent upon him, and the traditions! spirit of 
self-sacrifice and the indifference to materia] reward that am com¬ 
monly attributed to the true investigator may* when these menders 
of his family are considered, come very close to selfishness. 

However, salary, important os it is T is by no men its the only deter¬ 
minant. If it is reasonably adequate* most men who lire animated 
by the spirit of science will find additional reward in their work 
itself if this is felt to lie worthy of their l*est efforts A man of first- 
rate scientific ability* however, will not enter an organization eii 
which consecutive application to a problem is thwarted, in which 
he is expected to turn to this or that comparatively unimportant 
task as political expediency may dictate* or in which the general 
atmosphere is unfavorable to the initiation and prosecution of re¬ 
search problems of an y magnitude. If a man of the type in mind 
finds hims elf in such an uncongenial environment, he Is likely to go 
elsewhere. The final effect upon the organization will be that its 
Bcienllfic staff will be mediocre or worse and it will become chiefly 
a statistical and engineering bureau from which leadership in 
geology will have departed* 

If t on the other hand, a young geologist can feel that every- possible 
opportunity and encouragement will be given to him in advancing 
the science of geology; that results on the whole will be considered 
more important than adherence to a schedule; that imagination and 
originality will be more highly valued than routine efficiency or 
mere executive capacity ; that he will not he diverted to tasks for 
which, import not m they may be, his training and inclination do not 
particularly fit him; that those who direct the organization ana 
interested in his development and will give him all possible oppor¬ 
tunity to demonstrate hie power of growth; and that appreciation 
and material reward will be in proportion to hla scientific achieve- 
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rncnt. he will then be capable of the best that is in him and will 
cheerfully contribute that best to the credit of the organization that 

fa.fi 

A national geological survey shonld hold recognized leadership 
in geology in the country to which it belongs, and attainment of 
this proud position roust obviously depend upon the quality of 
its geological personnel. With respect to personnel, at least three 
conditions may lie recognized-first, that in which the ablest geolo¬ 
gists in the country are drawn to and remain in service; second* 
that in which geologists perhaps of a somewhat lower grade as 
regards scientific promise are attracted to the service for a few 
vetits of training and then pass out to positions where the opportu¬ 
nities for research or for increased earnings are greater; and, third, 
that in which able young men no longer look upon the geological 
survey as a desirable stepping-stone to a future career. Who can 
doubt that it is the first condition that raises an organization to pre¬ 
eminence in science and the last that marks opportunities lost or 
unattained I Those responsible for the success of a geological snr- 
vey. if they be wise, will watch the trend of the organization with 
reference to these conditions much as the mariner watches his barom¬ 
eter and, like him. if tin* indication he threatening, take action to 
foresLdi disaster. 


THE INFLUENCE OF COLD IN STIMULATING THE 
GROWTH OF PLANTS.* 


By Pud duck V, Oovellx, 

puiatifrff, United Btportment of AprteiiNurfr. 


I With 27 plntP*,J 

In regions haring a cold winter like ours- with prolonged or re¬ 
puted freezing, the nut ire trees and shrubs become dormam in 
mi tump According to the general belief this condition is brought 
about by the cold. It is also the general Itelief that warm weather 
is of itself the sufficient cause of the beginning of new growth in 
spring. Both these ideas are erroneous. It is the object of the 
present address to show, first, that in nur native trees and shrul* 
donnuncy sets in before cold weather, and that cold weather is not 
necessary for the establishment of complete dormancy: second, that 
after such dorm anew has begun, the exposure of the plants to an 
ordinary growing temperature docs not suffice to start them into 
growth; third, that these plants will not resume normal growth in 
the warm weather of spring unless they have Iwen subjected previ¬ 
ously to a period of chilling; and,finally, a theory will be advanced 
(0 explain ir.b jfetiMil iflffit of coll in stimulating growth in¬ 
stead of retarding it. 

The subject will be presented in a series of numbered statements, 
each followed by supporting evidence, 

i. Trees ami shrubs of void at mates become dormant at the end 
of the growing season without the necessity of exposure to cold 
weather. 

A little more than 10 years ago, while engaged in a series of green- 
house experiments, the writer came upon a strange phenomenon 
which was wholly unexpected ami which threatened to interfere 
seriously with the sticcesss of the experiments. Healthy blueberry 
plants, intended to be used during the winter for breeding purposes, 
were brought into the greenhouse at the end of summer and were 
kept at an ordinary growing temperature. They refused to continue 
their growth during the autumn, gradually dropped their leaves, and 

i^ddrw deilTered Apr 27. 1920. IW0<* the National Ai»c1«sit rtf Pc!*™-**, B«- 
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went into a condition of complete dormancy*. They did this at a 
greenhouse temperature which in spring and summer would have kept 
the plants in u condition of luxuriant growth. The complt tenets of 
the condition of dormancy which such plants reach con be best ap¬ 
preciated from photographs. {See pi. 1.) 

Since 1910 this experiment has been repeated many times, and 
with tunny species of plants, and without exception those trees and 
shrubs native of our northern cold-winter region which were tested 
went dormant in fall or winter regardless of temperature. In com¬ 
paring outdoor plants with indoor plants of the same species the 
most that can be said in favor of outdoor conditions is that dormancy 
progresses a little faster in outdoor plants, evidently because their 
foliage k injured by freezing weather, and they drop their leaves 
somewhat earlier than indoor plants. 

g. Tree* and shrubs that arc kept eootinop&ly warm <luring the 
u,inter idart into growth mark inter in spring than those that have 
been subjected to a period of chitling. 

In the late winter and early spring of 1910 I waited patiently, 
and then impatiently, for ray indoor plant- to bloom, and at last: 

1 was forced to realize that they never would bloom. When corn- 
pared with plant- of the saute kind that bad been outdoors during 
ttic winter and had been brought into the greenhouse in early spring, 
the difference was astonishing. The outdoor plants burst into leaf 
and flower luxuriantly, while the indoor plants remained com¬ 
pletely dormant and naked. The experiment was repeated many 
times and with various species of plants, some of which may be used 
in illustration. (See pis. ’2 to 5.) 

At first it wins supposed that the plants needed to be frozen to 
start them into growth, but a single freezing proved not to be effec¬ 
tive. And than it was found that the dormant plants would start 
into growth without any freezing whatever. It was necessary only 
that they lie subjected to a j>eriod of prolonged chilling, usually two 
to three months, at a temperature a few degrees aliove freezing. 

If plants are kept continuously In a warn; place without chilling, 
the dormant condition often continues for an extraordinary length 
of time. In some instances plants have remained durum at for a 
whole year under conditions of heat, light, and moisture that ordi¬ 
narily would make the same plant grow with the greatest luxuriance. 

S. The Stimulating effect of cold i* limited to tuck portions of the 
plant at ore subjected to the f hitting. 

The conspicuous difference in spring growth between chilled plants 
and plants not cliilled has already been shown. These differences, 
furthermore, can be produced experimentally upon different parts 
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Plate S. 



Chilled and Unchillep Plants of Wild Gras. Mauja uoxqharia, 
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of llie same plant. Plants thus treated present a very curious and 
remarkable appearance, as shown in plates tl and T* 

On February *b 1912. a blueberry plant (pi, <5) <14 inches in height, 
which hud shed its leaves and become dormant in a warm green¬ 
house, mailt tained at a temperature of CO'-’ to TO® F., was subjected 
to the following experiment: It was repotted in a 7-inch pot and 
set in the south end of a greenhouse at the temperature already men¬ 
tioned. A small opening was made in the glass, anil through this 
o|teiiing was pushed one of die two stems of the plant. The open 
space about the stem where it passed through the glass was care¬ 
fully plugged with moss. During the rest of the winter the plant 
remained in the same position, the pot and the stem shown at the left 
in the illustration continuing in the warm temperature of the green¬ 
house, while the stem at the right, projecting through the glass, was 
exposed to the rigors of winter, with its alternate freezing and thaw¬ 
ing. The illustration, from a photograph made April 19. shows that 
when spring came the outdoor branch started into normal growth 
while the indoor branch continued dormant. 

A second illustration (pi. 7} shows a modification of the first ex¬ 
periment, In this case the plant was set on u shelf outside the green¬ 
house and a single branch was passed through the glass wall into 
the warm interior. When spring cume it was this interior branch 
that remained dormant, all the outside branches putting out leaves 
promptly and normally. 

From n comparison of the two experiments it is evident that the 
different*) in behavior of the indoor and outdoor branches could not 
have 1*?en Caused by any special action of the root system, for in one 
experiment the roots were inside, in the other outside. It is dear 
that the causes that stimulated growth in the exposed stems operated 
in the stem itself, not in the roots. This principle is still further 
exemplified and confirmed by the liehavior of cuttings taken from 
blueberry plants in the first stages of their dormancy. Such cut- 
tings if kept warm continue their dormancy into lute spring or sum¬ 
mer* but if chilled for two or three moot ha they Start into growth at 
the normal time in early spring. 

It should be stated bore that the difference in the amount of light 
inside and outside the greenhouse had nothing to do with the slim il¬ 
lation to growth, for chilled plants are ready to start into growth 
promptly whether the chilling is done in the full light of tin outdoor 
situation, or in the partial light of ft greenhouse, or in the complete 
darkness of an ordinary refrigerator, 

4, The stimulating effert produced on dormant plant* bp told is 
intimately associated with the transformation of stored starch into 
super. 
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In most of our wild species of trees and shrubs the reserve earbo- 
hydrate material is storied away during summer and autumn in the 
form of starch. At the beginning of dormancy the twigs and aap- 
wood are gorged with this material. the starch grains being stored 
ordinarily in the cells of the medullary rays and sometimes in the 
pith. As the process of chilling goes on, this starch little by little 
is transformed into sugar. Tlie presence of large quantities of starch 
in the fall and early winter may Is* observed by applying to fresh ly- 
cut surfaces of the twigs the well-known starch test of n 2 per cent 
solution of iodine in a 1 per cent solution of iodide of potassium. 
With a strong hand lens the starch is readily observed, if present, 
by the deep blue color it assumes under this treatment The intensity 
of the coloration gives roughly an idea of the number of starch 
grains present, and thus by this simple means anyone may observe 
in the twigs of trees odd shrubs the gradual disappearance of their 
starch as spring approaches. 

The measurement of the increasing amount of sugar is more 
difficult and must be done by chemical analysis. Through the 
courtesy of the Chief of the Bureau of Chemistry enact data can be 
presented on this point from analyses by Mr. Urin H. Bailey. Tn 
samples of dormant blueberry wood, taken in early spring* when 
growth was about to begin, the ratio of sugar to starch proved to be 
seven times what it was in similar dormant wood taken in autumn. 

I desire at this time to comment on the fact that one of mv 
colleagues reading the manuscript outline of this address criticized 
the use of the word “stimulate” as applied to the effect which 
chilling produces on these dormant plants. His idea was that the 
chilling induced certain physiological changes in the cel! contents 
but that the actual stimulation to growth came from the temperatures 
that followed the chilling. I defend, however, the propriety of the 
language I have used, for although the later stages of growth ml- 
mittedly can not take place without warm temperatures", not onlv 
docs the transformation from starch to sugar take plJte the 
chilling temperature, but the buds actually swell and j Mls fc ;f th ^ 
chilling temperature is continued for several months. In illustra¬ 
tion I may cite the following experiments : 

On March 3,1015. 286 cuttings were made from dormant outdoor 
blueberry plants. They were stored in bundles, some in moist sphag¬ 
num moss, others in moist birch sawdust, at a contemplated tempera 
tore of 31‘ F just below freezing. The cutting* remained in cold 
storage until December 6, a little more than nine months, \n 
examination of the cuttings on that date showed tiiat with the ex 
ception of u small number which were mildewed and dead one or 
more buds had begun to swell on evexy cutting. In other words 
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growth bad already begun to take place at the cold-storage tem¬ 
perature. The thermograph record for the 278 days was os follows; 

jlotirs- 

20’ to 32* F ___ — _ _ — — - ,---—■ 5.Si»l 

32* to 33*- - -----— 999 

33* to 34* --------— — 01 

The temperature record did not go shore 34°, It is an astonish’ 
ing fact that temperatures so very near freezing will start dormant 
j d:mts into growth. 

On March 3, 1315, £8 cuttings from dormant outdoor blueberry 
plants were placed in moist birch sawdust in commercial cold storage 
ut 33® to 30® F, On December 4, nine months later, buds on every 
cutting had begun to grow. Not one of these cuttings gave a starch 
reaction when tested with iodine. The transformation of their 
stored starch into sugar was complete. (See pis. 8 and 8.) 

5, The theory advanced in explanation of the formation of sugar 
during the proems of chilling is that the starch grains stored in the 
ceQs of the phut are at first separated by the living and active cell 
membranes from the enzyme that would transform the stank into 
sugar, hut 1 nhen the plant is chilled the vital activity of the cell 
membrane is weakened so that the enzyme “leaks" through it, comet 
In contact with the starch, and tur?ts it into sugar. 

I have stated the theory in these words out of regard for simplicity 
und general understanding, but if anyone should require that it 
be presented in orthodox technical language it might lie restated as 
follows. The reserve omylum carbohydrate bodies are isolated from 
the amylolytic enzyme by semipeimeable protoplasmic living mem¬ 
branes of high osmotic efficiency, but under the i nfluen ce of low 
temperatures the protoplasmic membranes are proximately de v ital - 
ijsed. they become permeable to the nwylulytic enzyme, and uruyloly* 
sis ensues. I may add, however, that the use of such terminology 
seems to mo to involve & certain degree of unnecessary cruelty. 

From the evidence already presented no one, presumably, will 
question that the chilling of dormant trees and shrubs is followed 
by grow th and that the grow th is associated with the transformation 
of starch into sugar. But the hypothesis that this transformation 
is brought about by the weakening of the cell membrane and the 
consequent leakage of starch-transformteg enzymes into the starch 
chambers may very properly be challenged. In the Tropics there 
is no billin g weather, yet trees and shrubs spring into growth 
after the dormant period of the dry season, just as they do in tem¬ 
perate climates after the dormant period of winter. The critical 
scientific man will therefore oak: Are there not other agencies than 
chilling which will start dormant trees and shrubs into growth even 
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™ f,lir ? It must be said in reply that titers ure. And it 

wiU be worth while to consider some of these causes, for not only tire 
they of interest in themselves but also, intend of weakening the 
hypothesis here presented, they scire to strengthen uni confirm it. 
The data may beat he presented through a series of illustrations. 
Ihe pruning of a long-dormant plant will often start it into 
growth. (Sec pi. 10.) 

(Jirdling produces a similar result. (See pL 11, fig. 1.) 

Notching the stem does the same. (See pi. 11, fig. 3.) 

Rubbing the stem also starts the plant into growth, (See pis 12 
and 13.) 

In nil these examples of the stimulation of growth by injury it is 
conceived that the enzyme b brought into contact with the starch 
as ii direct result of the breaking and straining of the cells. Sugar 
is then formed and growth begins. 

It should be observed that when a normal chilled plant starts 
growing U grows from many buds (pi. 14), for the effect of the 
chilling on sugar formation is general. When a dormant plant starts 
growing ns the result of injury, however, it usually starts, as shown 
in several illustrations already presented, from a single bnd T the one 
nearest the point of injury. The injury is local and both the sugar 
formation anil the growth that follows it are local. 

We are now brought to the consideration of a phenomenon which 
1 lake to be of special significance, namely, the procedure by which 
the dormnnt plant starts itself into growth in the absence of chill¬ 
ing, After a blueberry plant has remained dormant at a warm 
temperature for a very long period, sometimes a whole year, the 
tips of the nuked branches begin to lose their vitality, .lust before 
or just after the death of the tip h single bud. or sometimes two btidsi, 
situated next below the dead or dying part starts growing. (Sec pis. 
15 and 16.) The new growth of the stem is confined to the one or two 
huds, just as was found to be the ease with growth induced by 
iujnry. iiy interpretation of the phenomenon is that as death ap¬ 
proaches the (.•ell membranes become weakened in much the same wav 
iia when chilled, the enzyme passes through into the starch storage 
celjg, sugar is formed, and tile adjacent bud hegins to grow. The 
process going forward here in a restricted portion of the stem, and 
due to a local cause, is essentially the same as that taking place 
ge lie rally rtVtfr plant from a urn era! cause when the plant is 

chilled. 

In the Tropics some plants are able to grow continuously, others 
mvouu! dormant in the dry season and start into growth again at the 
®-omtng of the season. Tropical plants probably have various 

c u - ° coming out of their dormancy, tnd there is every reason 
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Dormant Wild Crab Stimulated to Growth by Prlthino 
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NORMAL SPRING GROWTH ON A 8LUEBEHHY ^T^M. 
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PULTE 15* 
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PLATE 10, 



Abnormal Growth of an UnChelleo Blueberry Plant. 
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Plate 17 . 
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to expect that some of diem will be found to iweooipliab this act in 
the sunt way as our long-dormant greenhouse plants, by the weak¬ 
ening of their cell membranes. This. I have endeavored to show, is 
ill its elfeet substantially identical with chilling. 

6. The twigs of trees and shrubs after their winter chilling and the 
transformation of their starch into sugar may he regarded iw mechan¬ 
isms fur the development of high osmotic pressures which start the 
plan t lido growth. 

Food in the form of starch can not he utilized by a plant directly. 
The starch must lie changed into sugar before it can be used in mak¬ 
ing new growth. But this transformation does more than make the 
starch available as food for the growing plant. It serves also to 
increase the tendency of the cells to swell and enlarge. In the form 
of starch the material is inert in the creation of osmotic pressures, 
but when transformed into sugar it becomes exceedingly active. Ac¬ 
cording to the rigid experimental tests of H. N. Morse and his asso¬ 
ciates, u normal solution of cane sugar at 32° F, has an osmotic power 
of 25 atmospheres of pressure. It has liecn demonstrated that there 
sometimes occur in the cells of plants osmotic pressures as high as 
30 atmospheres, or 450 pounds to the square inch, a pressure sufficient 
to blow* the cylinder head off an ordinary steam engine. It can hardly 
lie questioned that these or even much lower osmotic pressures take 
an imjiortunt part in forcing open the buds of once dormant plants. 

We have evidence that there sometimes arise within the plant 
osmotic pressures of such intensity ns to threaten the rupture of the 
cells. Consider the case of the exudation of drops of sugar solution 
from certain s|>ecialized glands. When this exudate of sugar occurs 
in flowers it Is known as nectar and it serves a useful purpose to the 
plant by attracting sugar-loving insects which unconsciously carry 
pollen from flower to flower awl accomplish the beneficial act of 
cross-pollination. But sugar solution is often exuded outside the 
flower, in positions, or at times, that preclude any relation to cross- 
ixdlinntiori. For example, a bluclerry plant during its spring 
growth, when a leaf has reached nearly full sire, is sometimes ob¬ 
served to exude drops of sugar solution from certain glands on the 
margins of the leaf owl on the back of the mid-rib. (See pi. IT.) 
It is physically impossible that the sugar has left the cells by osmosis. 
The sugar serves no useful purpose to the plant through the attrac¬ 
tion of insects. The exudate certainly can not represent the elimina¬ 
tion of a waste product, for sugar is one of the substances most used 
by plants in forming new tissues. I can conceive of no reason why 
tile plant sltolild exude sugar except to relieve a dangerous physio¬ 
logical condition, namely, the development of excessive osmotic 
pressures which would burst the cells of the plant or in some other 
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way derange it? physiological activities. 1 look upon such sugar 
glands as safety valves for the relief of excessive osmotic pressures 
that are dangerous to the internal economy of the plant. And not 
only is this conception applicable to exlrafloral nectaries in general, 
but it may serve also, in the case of floral nectaries,, to explain their 
origin. Having once arisen as osmotic safety valves, the usefulness 
of the floral nectaries as an aid to cross-pollination would tend 
strongly to bring al*out their natural selection and perpetuation. 

7. The establishment of a dormant condition before the advent of 
freezing weather and the continuation of this dormancy through 
worm periods in late fa!7 and early winter are protective adapts 
fiotts of vital necessity to the native trees and shrubs, 

A little consideration will show how important the principle of 
chilling is to those species of trees and simile which are subjected 
each year to several months of freezing weather. If they were so 
constituted as to start into growth as easily in the warm days of la to 
fall as they do in the warm days of early spring, many species would 
come into flower and leaf in those warm aut umn spells that we call 
Indian summer, and the stored food that the plant required for 
its normal vigorous growth in the following spring would be 
wasted in si burst of autumn growth, which would be killed by the 
firi?t heavy freezes, and would ho followed by a winter of weakness 
and probable death. Hut when two ur three months of chilling are 
necessary before a newly dormant plant will respond to the usual 
effect of wLinnth. such plants are protected against the dangers of 
growth in Indian summer. It is probable that „ll our native trees 
anti shrubs are thug protected. 

Any member of this audience may make, next fall and winter, a 
simple and instructive experiment with such early spring blooming 
plants ns alder, hazelnut, pansy willow, yellow bush jasmine, forsythia. 
Japanese quince, peach, and plum. In mid-autumn bring into your 
living mom and set in water freshly cut dormant leafless branches 
of these plants. They will not bloom. At intervals of a few weeks 
during late autumn and winter try the aame experiment u-min 
You will find that the branches cut at later dates will cotne"mto 
blown under this treatment. They will not do so, however until 
the expiration of die period of chilling appropriate to the ririmn 
kinds of plants included in the experiment. The required period 
of chilling varies greatly. In the case of some 0 f the cultivated 
shrub* about Washington, especially the yellow bush jasmine 
{JatminMm nudifiorumh ^ brief a period of chilling fc retired 
that extraordinarily cold weather in late October or early No¬ 
vember may chili them sufficiently to induce them to bloom if n 
period of warm weather follows in late November. The period of 
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chilling required for the ;wacb L* so short that in Georgia unusually 
vann weather in December sometimes brings the trees into flower, 
ft nd their crop of fruit is destroyed by the freezes that follow. 

from these facts it appears that our native trees and shrubs are 
so intimately adjusted to the changes of the climate to which they 
have been long subjected that they are almost completely protected 
from injury by freezing, but some of the cultivated species brought 
from parts of the world having a climate different from ours are 
only imperfectly adapted to our climatic changes. They grow at 
times when our native species have learned to hold themselves dor¬ 
mant, and they often suffer severely in consequence. 

Cbilling. as a protective adaptation, has become a physiological 
necessity in the life history of cold-winter trees and shrubs. So 
fixed, indeed, is the habit that it appears to be a critical factor in 
determining how far such plants may go in the extension of their 
geographic distribution toward the Tropics. Tn the Tropics our 
common northern fruit trees, apples, pears, peaches, cherries, grow 
well for a time and then become half dormant. Tn the absence of chill- 
in g they never fully recover from their dormancy} they grow with 
weakened vitality and finally die. Tf these fruits are to grown 
successfully in the tropics they must be given art ideally the periodic 
chilling they require. 

When it became evident from the earlier observations and ex¬ 
periments that chilling played so essential a part in the behavior of 
our trees and shrubs it was clear that additional experiments ought 
to be conducted in which actively growing plants might be sub- 
jetted to chilling temperatures without being put in a dark place 
like the ordinary refrigerator. To meet the requirement of both 
told and light a glass-covered, outdoor, brick rhamljcr was con 
strutted m 1D12. It was kept above freezing by heating with electric 
light-, which were turned on ami off automatically by n simple 
thermostat In summer the chamber was kept cool, though not 
really cold, bv means of ice and electric fans. Although much was 
learned with this apparatus it was crude and inadequate. To pro¬ 
vide for more exact experiments a glass-covered compartment chilled 
bv a refrigerating machine wns constructed in one of the Department 
of Agriculture greenhouses. The refrigerating apparatus is a sul¬ 
phur dioxide machine having a refrigerating power equivalent to 
1,000 pounds of ice a day. Tt is run by a 2-horsepower electric 
motor, and it furnishes ample refrigeration for the lighted com- 
partincut, which is a glass-covered frame 2'> feet long, 3 feet wide, 
and 1-1 to 20 inches in depth. The first of these refrigerated frames 
whs devired and constructed in ID LG. In this enterprise 1 bad tho 
valued advice and assistance of Dr. Lyman J, Briggs, The useful- 
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ness of thk refrigerated fnimc in experimental work with plants 
it ns &o great that another similar equipment was installed in 1&1S, 

With the aid of thb apparatus many of Om experiments described 
in this address have been carried on or verified, as well as otju-r 
experiments of a related character. For example, at ordinary summer 
temperatures many kinds of seed will not {Terminate but remain 
dormant until death overtakes them. Under the influence of chilling, 
however, these seeds are stimulated to prompt germination, (See 
pi. 18.) 

The experiments thus far made indicate the importance of a much 
wider use of the principle of drilling in many lines of experimenta¬ 
tion hearing on the improvement ol hoitkmitimtl and agricultural 
jinicticos. I commend the subject of chilling to experimenters in 
these lines, and I wish to call especial attention to the desirability 
of determining proper temperatures for the storage of seeds, bulbs, 
cuttings, and grafting wood? projicr temperatures for the treat¬ 
ment of plauLa which are to be forced from dormancy to growth at 
unusual seasons; and proper temperatures for the storage uf mi recry 
stock, so that the nurseryman may have plants in proper condi¬ 
tion for shipment on any dale he desires, (Sec pis. 19 to 23,) 

The whole question of the effect of chilling on herbaceous peren¬ 
nials is an open field. 


An understanding of the process of chilling explains the reason 
of some of the practices of gardeners, which they, as well as botani't* 
have erroneously ascribed to the new! of « resting." What a hardener 
calls 11 resting” is often in reality a period of chilling, characterized 
tml by physiological rest, but by pronounced internal activity 1 Host 
atone would not, in the caw of our cold-climate trees and shrubs ac¬ 
complish the purpose the gardener has in mini It is chilling not 
rest merely, that is required. The practice nf gardeners and nur- 
serymen known ns the lt at ratification ” yf seeds is probably to he 
explained a.« in reality a process of chilling. 

As a Single example of the application of (lie principle of drillW 
let me cite the case of the blueberry. For several years we hare bom 
trying at tbe Department of Agriculture to domesticate this wild 
plant. We have raised many thousand hybrids and have set t hem nut 
in waste sumly Imtrfs in thp pine burrens of Now Jersey f Sp*? 1 oa \ 
Wr have grown tlu- bushes to fruiting age and Woktthem" h»ti 
highly productive faring. (See pi. £5.) We have made them fruit 
so Ittaaouriy and so abundantly that they have brought returns to 
the grower ut the rate of more than $1,000 an nf re j b , 

have changed the l-lm^rry from a small wild fruit the sire of h nl in 
a fruit the size of a Concord grape, and we have made its ,,di..r 
profitable industry. (Sec pk 28 and 27.) These things ej* 
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blueberry Plant forced Into Flower \ 
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Plate 22 . 



Awakening of Long Dormant Plants gy ARTihcial Chilling. 
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dormant Wild Crab&^t I mulcted tq Growth by Girdling ahd by Motchikq 

the Stem. 
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DOR WANT BLUEBERRY BUDS StlWlULATIO TO GROWTH ELY CHALKING THE, STEM, 
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Plate 14. 



Normal. Spring Growth on a Blueberry Stem, 
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Plate LB. 
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to expect that some of them will be found to accomplish this act in 
the same way as our long-dormant greenhouse plants* by the weak¬ 
ening of their cell membranes. This, I have endeavored to show, is 
in its affect substantially identical with chilling, 

G. The twigs of tret# and shrubs after their winter chilling and the 
transformation of their starch into sugar may be regarded as mrekan- 
isms for the development of high osmotic pressures which start the 
plant into growth, 

F«>od in Lhe form of starch con not be utilized by a plant directly. 
The starch must be changed into sugar lie fore it can be used in mak¬ 
ing new growth. But this transformation docs more th $tn make the 
starch available as food for the growing plant. It serves also to 
increase the tendency of the cells to swell and enlarge. In the form 
of starch the material hr inert in tlic creation of osmotic pressures* 
but when transformed into sugar it becomes exceedingly active* Ac¬ 
cording to the rigid experimental tests of H. N r + Morse and his asso¬ 
ciates. a normal solution of atm sugar at 32* F* has an osmotic power 
of 25 atmospheres of pressure. It has bean demonstrated that there 
sometimes occur in the cells of plants osmotic pressures as high ns 
30 atmospheres, or 450 pound* to the square m lu a pressure sufficient 
to blow the cylinder head off an ordinary stmm engine. It can hardly 
be questioned that these or even much lower osmotic preset!res take 
an important part in forcing open the buds of once dormant plants. 

We iiEive evidence that there sometimes arise within the plant 
osmotic pressures of such intensity as to threaten the rupture of the 
cells. Consider the en»e of the exudation of drops of sugar solution 
from certain specialized glands, When this exudate of sugar occurs 
in flowers it b known as nectar and it serves a useful purpose to the 
plant by attreeling sugar-loving insects which unconsciously carry 
pollen from flower to flower and accomplish the beneficial act of 
cross-pulli nation. But sugar solution is often exuded outside the 
flower* in positions, or ut times* that preclude any relation to cross- 
|)olli nation. For example, a blueberry plant ft tiring its spring 
growth, when a leaf has reached nearly full size, is sometimes ob¬ 
served to exude drops of sugnr solution from certain glands on the 
margins of the leaf and on lhe back of the mid-rib. (See pi. 17.) 
It is physically impossible that the sugar has left the cells by osmosis, 
The sugar serves no useful purpose to the plant through the attrac¬ 
tion of inr&cte The exudate certainly can not represent the el bn i na¬ 
tion of a waste product, for sugar is one of the substances most used 
by plants in forming new tissues, I can conceive of no reason why 
the plant should exude sugar except to relieve a dangerous physio¬ 
logical condition* namely, the development of excessive osmotic 
pressures which would burst the cells of the plant or in some other 


288 


ASK UAL REPORT BMlTHSOSTAN IXSTITUTIOS, 1919. 


way derange its physiological activities. I look upon such sugar 
glands as safety valves for the relief of excessive osmotic pressures 
that are dangerous to the internal economy of the plant. And not 
only is this conception applicable to extraflotul nectaries in general, 
hut it may serve also, in the case of floral nectaries, to explain their 
origin. Having once arisen as osmotic safety valves, the usefulness 
of the flora! nectaries ns an aid to cross-pollination would tend 
strongly to bring about their natural selection and perpetuation, 

7. The establishment of a dormant condition before the advent of 
freezing weather and the continuation, of this dormancy through 
worm periods m lots fall and early muter are protective adupla- 
(ions of cited necessity to the native trees and shrubs. 

A little consideration will show how important the principle of 
chilling is to those species of trees and shrubs which are subjected 
each year to several months of freezing weather. If they were so 
constituted as to start into growth as easily ft the warm days of into 
fall us they do in the warm days of early spring, many species would 
come into (lower and leaf in those warm autumn spells that we call 
Indian summer, and the stored food that the plant reo.iired for 
its norma) vigorous growth in the following spring would be 
wasted in a hurst of autumn growth, which would l>e killed by the 
firet heavy freezes, and would be followed by a winter of weuknea. 
and probable death. But when two or three months of chilling are 
necessary before a newly dormant plant will respond to the usual 
effect of warmth, such plants are protected .gainst the dangers of 
growth in Indian summer. It 1S probable that all o ur native few 
nnd ribrulis ure thus [>ruteete*L 

Any member of ibis audience may make, next fail and winter a 
Simple and instructive experiment with such early spring bioomiU 
plants as alder, hazelnut, pussy willow, yellow bush jasmine foreythiT 
Japanese qmnee peach, and plum. In mid-autumn bring into' your 
hvmg room and ret m water freshly cut dormant leaflet branches 
of these plants. 1 buy will not bloom. At intervals of a ftw Wceks 
during late autumn and winter try the same exi»rimn,i . 

You will lind that the branches cut at later dates will ’ 1 ^ U| ' 
f*r tw. M-*. Tb,v wi„ JT fct SCJ3J 
the expiration of the period of chilling appropriate to n 1 

kinds of plants included in the 

of chilling varies greatly. In the rase of some of t 
dirute ..U*n Wuhin*™, , he 

<a|ni).I>r«l njncfea of chilling i, 

that extraordinarily cold weather in ftte ’ a 

«*- r ** ,b r -r-* 2 StfSSiTiSS t. 

period of warm weather follows ft ftft November. The perLl of 
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chilling required for the pencil is so short that in Georgia unusually 
•warm weather in December sometimes brings the trees into flower, 
and their crop of fruit is destroyed by the freezes that follow. 

From these facts it appears that our native trees and shrubs are 
so intimately adjusted to the changes of the climate to which they 
have ken long subjected that they are almost completely protected 
from injury by freezing, but some of the cultivated species brought 
from parts of the world having a climate different from ours arc 
only imperfectly adapted to our climatic changes. They grow at 
times when our native species have learned to hold themselves dor¬ 
mant, anti they often suffer severely in consequence. 

Chilling, as a protective adaptation, has become a physiological 
necessity in the life history of cold-winter trees and shrubs. So 
faced, indeed, is the habit that it appears to be a critical factor in 
determining how far such plants may go in the extension of their 
geographic distribution toward the Tropics. Tn the Tropics otir 
common northern fruit trees, apples, pears, peaches, cherries, grow 
well for a time and then become hal f dormant. Tn the absence o f ch ill- 
ing they never fully recover from their dormancy; they grow with 
weakened vitality and finally die. If these fruits are to l>e grown 
successfully in the tropics they must be given artifically the periodic 
chilling they require. 

ivItvil it became evident from the earlier observations and ex¬ 
periments that chilling played so essential a part in the behavior of 
our trees and shrubs it was clear that additional experiments ought 
to lw> conducted in which actively growing plants might be sub¬ 
jected to chilling temperatures without king put in a dark place 
like the ordinary refrigerator. To meet the requirement of both 
cold and light a glass-covered, outdoor, brick chamber was con¬ 
structed in It) 12- It was kept above freezing by beating with electric 
lights, which were turned on and off automatically by a simple 
thermostat. In summer the chamber was kept cool, though not 
really cold, by means of ice and electric fans. Although much was 
learned with this apparatus it was crude and inadequate. To pro¬ 
vide for more exact experiments a glass-covered compartment chilled 
by a refrigerating machine was constructed in one of the Department 
of Agriculture greenhouses. The refrigerating apparatus is n sul¬ 
phur-dioxide machine haring a refrigerating power equivalent to 
1.000 pounds of ice a day. It is run by a 2-liorsepower electric 
motor, and it furnishes ample refrigeration for the lighted wm- 
part incut, which is a glass-covered frame 25 feet long, 3 feet wide, 
and 1-1 to 20 inches in depth. The first of these refrigerated frames 
WHS devised and constructed in 1M6. In this enterprise I Iwd the 
valued advice and assistance of Dr. Lyman J, Briggs, The useful- 
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ucs& of tliis refrigerated frame in experimental work with plants 
was so great that another similar equipment was installed in 1916. 

THth the ntd of this apparatus many of the experiments descrikd 
in this address have been carried on or verified, as well ns utjier 
experiments of a related character. For example, at ordinary summer 
temperatures many kinds of seed will not germinate but remain 
dormant until death overtakes them. Under the influence of chilling, 
however, these seeds ate stimulated to prompt germination. {See 
pi. 16.) 

Uio experiments thus far made indicate the importance of a much 
wider use of the principle of chilling in many lines of experimental 
turn Uarmg on the improvement of horticultural and agricultural 
practices. I commend the subject of chilling to experimenter* in 
I hems lines, and 1 wish to rail especial attention to the desirability 
of determining proper temperatures for the storage of seeds, bulbs 
cuttings, and grafting wood; proper temperatures for the treat- 
ment of pUnta which are to be forced from dormancy to growth «t 
unusual seasons; and proper temperatures for the stooge of nursery 
stock, so that the nurseryman may have plants in proper condi¬ 
tion for shipment on any data he desires, {See pis. 19 to 23 } 

The whole question of the effect of chilling on berimes ^ 
m&le is an open field. r 


An understanding of the process of chilling explains the reason 
of some of the practices of gareJeijqra, which they.as well as botanist* 
haveerroneomdy -cribed to the need of-resting." What a garden^ 
caiu resting is often m reality a period of d-illing, chnrSES 
D f l ^ yb^iobgtca! rest, but by pronounced internal activity Be 
alone w.,uld not, in the care of our cold-climate trees and shraha ac- 
eomplLd, the purpose the gardener has in mind. It is chill in- 'not 
rest merejy, that is required. The practice of gardeners and nur- 
serymen known « tlm “stratification’' of needs is probable to ta. 

explained as in reality « pnx-ess of chilling. 

As a single example of the application of the principle of chill W 
let me cite the case of the blueberry. For several yearn wdu v ’ 
tr,m K M <W TV|„rtm^t of to ioMticotc «,* 5 

plant. Kokin. mm* raiui,'thousand hyhrida h. raset „ H . m f 
in waste sandy lands m the pme barrens of New J erwT / e „ J 

We have grown the bushes to fruiting age and b m i.' v.,V ' 
highly* productive karing. (Fee pi. gjf \ t ' ", l 1 , lcm ,nto 

» l-ciousl, 00,1 HO oloLooUj L," L '^r “* 

th. F—ra. .1* rote of o.o„ 

have changed the blnelierry from a small wild fruit *» ' * ' Vc 

a fruit the size of a Concord grape, and w[ r T"? ^ to 

profitable industry. (See pis. 26 and 27 ) The-f tl * lt * " , tnre 11 

■ / bese things we should not 
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Plate 16 . 
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PLATE 2U 



BLUEBERRY PLANT FORCED INTO FLOWER 

Chilled. 


IN SEPTEMBER BY Artificial 


TbC! plaaiE S Lat l*wfi i IlLi ftu^lwdl llmnn *'nj btatofet in.4^_ iia i ahl , 

H-I-S .Li-uiiLKi iKrutoi] Vital ElFf of 34rty it l&khlffWIi 11 riwwio, , Tt S"^lL'iM?w tfFOwtli 

fiLnnt □rtikeiariljr ilin'ii l.n atwuinit, During: I In- ^iiuuut !uia » fehirtw 

(kinI Mi Imrf hv cIiLLIihj is r->T Hire^rli'.orh:, miin nrijtak.Mvr^Ii 1V:U ^ V£ * h art]- 

PYJHPirtfc tu il SLV ILcJ-jL VfhM tiffosuht nut tot ttm fraq-j- I v sEtSEiS 5j***™'vnJd Jmu,e 

I, BA ‘LriWIL Ln lllfi L I l',L L S j.kl luEl . >J Satutul rfjli j frlfrllL ]#ftfniit|y 











Smith mnUn RepCTt,, IfllPr—Covilto. 


PLATS 22, 


■---“ 

J 

L 


a 

l 



AWAKOUNGOF LONq DORMANT PLANTS BY ARTIFICIAL CHlUJNa* 
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Plate 20. 



The Ordinary Wi ld Blueberry qf New Jersey. 
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Plate 27, 



Ffiuit Of A SELECTED HYBmO BLUE HER Hr, 
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have been able to do unless we bail first worked out the principle 
of chilling, an understanding of which was tssenti to our wor ’ o 

■Trtaarrtsft. «p- to the ch S£ 

dormant tree* and shruhs of tomperete climates os a 
their resumption of B-nnat growth m spring ought 
in books on plant physiology as one of the normal procc^cs m plunt 
life These works should contain chapters an chilling, jn*t as they 
now .onUin chapters on other fundamental factors and principles 
relating to the life history of plants. And especially m boofc o» 
plant physiology in relation to agriculture should the 
chilling lie dealt wit h iu detail, for when in the pursuit of agnctdtnrt 
we take plants from one part of the world to another, or undertake 
to row them out of season, or attempt to propagate them in piLin- 
tilv by grafting or by other processes unknown in nature, we are 
™tly Ediapped and limited in o.tr operations )f we do not 
understand the principles of a process is- widely distent in_™tuje 
und so indispensable to a large proportion of the plants of tem[>crah 
BgriLiilture as the process of chilling. 


FLORAL ASPECTS OF BRITISH GUIANA 


B? A, s? T Hitchcock, 


[With 12 pint**.] 


Through the cooperation of the United States Department of 
Agriculture, the Grey Herbarium of Harvard University, and the 
New York Botanical Garden a visit was made to British Guiana for 
the purpose of studying its flora and collecting specimens of the 
(lowering plants and ferns. The observations were made between 
October 02, 1019, and February 2, 1920. 1 

British Guiana, a British colony in northern South Ameri ca, lying 
between Venezuela and Dutch Guiana, and between the At Ian tie 
Ocean and Brazil, has an area of »0#77 square mile** It extends 
nlong the Atlantic coast about 270 miles and southward f-40 miles on 
the western and 800 miles on the eastern side (Iflt. l c to S" N.. long. 

57 e to6.r ^approximately). . 

There are three important rivers approximately parallel (lowmg 
northward into the ocean besides the Courantyne which forms the 
eastern boundin'. These are, from west to cast, the Essequibo, die 
Demerara. and the Berbice. The Essequibo is one of the large overs 
of the world, receiving two important tributaries from the west, the 
Mazaruni and the Cuyuni. 

The coastal region is a low swampy alluvial belt almost in miles 
deep on the western border and about 40 miles deep along the rmimiy 
tvne. Much of this is below the level of high tide and the water is 
excluded bv dikes and sea walls. In places the land may he ss much 
as 10 feet above high water but the general impression to the eye is a 
perfectly level plain. Approaching the coast from the sea one notes 
first the tall chimneys of sugar factories and occasional tall trees 


before any other sign of land is visible. 

Next to this coastal region there is a broad belt of higher somewhat 
undulating land interspersed with sand dunes and day hills, but of 
scarce!v more than *300 feet elevation anywhere. Still farther «W*h 
and west there is a series of plateaus 1^00 to 3,000 feet m altitude. 
When streams descend from one plateau to another there are 
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Fid. I— Smith iwri**. *b**\at poalllaa of BntL»h 

Britifih Guiana, Venezuela, and Brazil join. The culminating n« a ^ 
are Rornimn and Kukenaom. table mountains with nr»i.u J 5 ! , 

riait 4 f ifiOO feet above the plateau and reaching an altitude oTabout 
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gorges and waterfalls. One of the most beautiful of the falls is 
K aieteur Falla, 741 feet high and 400 feet wide. The only mountains 
is distinguished from hills He on the bonier in the region where 
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8,600 feet. The general level of the savanna region in the southern 
part of the Colony is only about BOO to 400 feet. 

The region was first settled by the Dutch at Kyk-over-al about 
1615. This place is n little island a few miles above Burticn in the 
Mazanini River near Kartabo. Settlements were Inter made on the 
Esseqtiibo, Demcrurn, and Berbice Rivers, which grew into colonies. 
These passed to Great Britain about 1815 and were united into tho 
colon v of British Guiana in 1831. Tlie names of the original colonies 
are preserved in the names of the counties into which the Colony 
is divided. The county of Essequibo includes the drainage system 
of the Ksseijuibo River and the coastal region west to Venezuela; 
the much smaller county of Demerara includes the drainage system 
of the Demotera River and, along the coast, to the Abaty River. 
The county of Berbice includes the drainage system of th® Berbice 
River and cast to the boundary, which is tho Courantync River. 

The means of communication are mainly by lx>at. The rivera are 
navigable for some distance (50 to 60 miles) but are finally much 
interrupted by rapids. Beyond steamer or launch navigation 
progress is slow, by canoes and small boats, with frequent portages. 
There is practically no communication in the interior by rend*. 
There are paths here and there to connect one river with another, 
bu( supplier must be carried by porters. The longest trip that one 
can make inland without a special outfit is from Georgetown to 
Tumatumarl on the Potaro River. This is accomplished as follows: 
By steamer (three times a week) to Wismar on the Detneiara River; 
bv rail to Rockstone on the Esscquibo (repids prevent the ascent of 
the Essemiibo); the following morning by launch torumatnman 
arriving from 6 to 10 p. m., according to conditions. There are good 
rest houses at Rockstone and Tumatumnri. Tin- rapids at the latter 
point prevent a further ascent of the Potaro, but a small launch runs 
above the rapids a few miles to Potaro Landing to supply a gold- 
mining company. A trip up the Esscquibo to the Rupunum cattle 
region of the southern part of the colony is said to take a minimum 
of three weeks from Georgetown. A railroad runs along the coast 
from Georgetown to Rosignol opposite New Amsterdam, and l another 
from Vreed-en-Hoop, opposite Georgetown, to Panka on the Esse- 
quibo. In the immediate vicinity of the coast there are good suto- 

is strictly tropical, hut is tempered by the trade wind. 
The mean monthly rainfall at Georgetown is as follows (1830-191:2); 
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FW. i—Til* MlW of JlrltinJ) {John*, 

scfl$oQ from August to November is usually to be dcnenri ,1 

the other seasons tut. On the lower Essen uilv. !i . UpoT b hut 

100 th » rainfall tuav 


It wilt lio soob from this that there are two wet and two dry 
seasons, though these are not very sharply defined. The long dry 















































FLORA OF BRITISH GtJtAXA—HITCHCOCK. 


207 


rise to over 150 inches, while in the savanna region of the south it 

niftv fall to $0 inches, _ 

The temperature near tho coast is very uniform. The mean maxi¬ 
mum (Fahrenheit) is S3* in the winter and 87° in tho summer, while 
the mean minimum ranges between 74.5* and <0.5 . In the hottest 
purt of the year, the long dry season, August to November t o 
temperature (shade) rarely goes higher than 88 and at mght falls 
to about 80*. In the winter it rarely falls below <4 and usually 
rises onlv to 82* to 84*. The temperature in the mm is strikingly 
high in contrast (HO* to 145*). The humidity is always lug u Be¬ 
cause of this it is uncomfortable to bo out of the air currents, 
houses are raised on pillars end the structure is »[* n to allow a free 
circulation. Clothing and leathor mold quit. ' 7' T « 

The population of the entire colony is about 300,000. The i 
cental of the different races is given in Uic Handbook O'<’ ) '*• 
follows: Europeans, 1.3; Portuguese, 3.4; East Indians, 4 ~<, Chi¬ 
nese, u.D; Negroes, 39; mixed races, 102; aborigines, 2 3. The popu¬ 
lation of Georgetown is about 60,000, of which 4.u per cent are 
thlm, and of New Amsterdam, about 9,000. The great majonty 
of the people are to be fonnd near the coast. 

The drinking water of the coast region is obtained from rai 
water caught in tanks. The general water supply of Gk»*m 
and the neighboring plantations is obtained from thei Erst Com* 
Water Conservancy. This is a swamp y urea lying southeast of the 
citv. Dikes hare been built to impound the water in several wpiare 
miles behind the river and coast plantations and exteniuig eas o 
B dike near the Mahaica River. The south limit is ihc Rightly 
higher land back of the swampy area. The water is led to its de^tina- 

•« T1 “7-- 

during low tide and tide gates shut out the sea water during h g 

‘^h, health of lie «*mT i» »“”*■»» 

1„„ W, but umkpiu «UJ dysentery ere rather eon,,non. 1 i. 

death rate is about 35 per thousand among the population a* a whole, 
but onlv 14.fi among the whites. On account of the drainage system 
ttnd the open canals it is difficult t« protect the lower class of tho 
population largely made up of East Indians and Negroes. 

industries are mainly agricultural, though the production of 
f ,old and diamonds is of some importance. There are large de¬ 
bits of bamdte (an oxide of aluminum) which are just ctimmenc- 
W to be exploited. Timber is also an important minor industry-. 
There are many kinds of woods exported, the best known probably 
£L, the greenheart (Xectaiulm rodioH), a wood much used for 
piles' !«ck ^ates, and other structures in contact with salt water, be- 
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cause the wood is resistant to the teredo. Another product that 
comes within the domain of forestry is the ha lata, a substance re¬ 
sembling gutta pereha obtained from the milky juice of a native 
forest tree {Mimusopt globom). The trees are bled in about the 





■'-"wl. 


same manner ns the rubber tree. Rubber itself m n „* r „, k , , 
tin- wild trees in appreciable amounts. ® from 

The agricultural industries occupy the chief pW in n. a iv 
commerce of the country. Of these bv far i ji _ ! V te jft! 

the production of sugar. This has slwi™ hot* 1 v!f » 

smro the early days of the oolony, but during the var t producl 


Pm. S.—MorE^mv part at DrltJiii Gutman, nh&whiE rrclcinji vUIt^l. 
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tt greater importance because of the conditions fsvorable to inerted 
profit. Sugar and im by-product constitute about three-fourth^ 
L value of all (sports. The sugar plauUtio^ ^^g^ 
coast in the alluvial plain from the Pomeroon distnU *ib»£wnn 
tvnc River and along the rivers for a few miles above where they 
empty into the sea. Especially ate the sugar plantations f™udalo^ 
the 11 East Coast,* the coast east of Georgetown, and ! 

Const* the coast between the Demcrara and Essequibo river,, 
the“East Bank” of the Demerara, for a few miles south of George- 

*°Tn nmat rears rice has assumed some importance as aii export 
crop Oiher^agricultural product are coconuts, cacao, ^^ 

/ n%tab?o*il£isis), and limes, all of minor importance. Fruits are 
grown locally but, aside from limes, are scarcely of commercial un- 

of the Rio BrJJU.o and ... (■,■ Recently a cattle trait 

t^r j, - - 

at = $S$ 

bp ), l assays (■ 3Wecl potato (Ipomtua batatas), nco 

several legumes 

"W; !1 VAwim inJka*) and thebouavist or bouny- 

3f(S^S2w»r ** breud fru,t i Artoca ^ u * is srawTl 

r «■ ~ TtSZSuST'i 

the ukra or gumbo {BibUcu* e*cat*n***) and »ver, 

pumpkins ami milc h grown for flavoring and the 

Peppers m great va y - flt ,id drinks, 

w»rd or M*J ttroogh 

The Bor. .( Bntah G "'“ wJZ^nteoOeot A the Cnsticton 
!ho collections of. J "™“"' lg j 3 u u;!) ho ran* to Georgetown 

Gardens in Jamaica f gunerintendent of the botanical garden, 

ns goretumont Lotnni,t M ^ „ cre m „^ a |„ Schonibiirgl! who 

Th, first “''“^^trterior (1035-1*® w* 1840-18H) ft. 
made two joiinieja * ^ tbo 0 f the colony. Tho 

second for the puFR 0 hash of the herbarium at the botanical 

is k — oEGda% “ tbe Jenmmi mr ' 
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hariuDi, This collect ion Ls well arranged and is in good cases acres- 
sible for study in the director's office at the garden. The collection 
contains also specimens collected by Im Thurn on Romima: bv 
McConnell and Qiicleh at the same place: and by Bartlett, Stoekdale 

ALunlutm. and other recent botanists connected with the botanical 
giinhn. 

The official botanical work of the colony is now tinder the general 
ihrechon of Prof. J. R Harrison. Director of Science and Agriculture 
Originally nearly all of British Guiana was covered with forest 
the exceptions being the upland savanna region of the Rupummi 
Ihstriet m the southern part of the colony mostly between 30 mv} 
5 latitude and the coastal savannas which are mnrshy areas The 
forest has been removed in pert from the areas under cultivation 
which, however, are a small proportion of the whole 
To the visitor the plants that first attract attention are those eultj- 
^ated for ornament. N>me of these urc natives of some part of the 
colony, but many are exotics. A striking feature of the Tropics is the 
palms, of wineli many species are to be found in Georgetown, There 
is a fine collection in the botanical garden. The coconut (Cocci 

" Tr US S* tair V >f the * common here as 

a tropical short*. The cabbage palm (Orcodova oleraceu) la 

common y p anted along streets and gives an especially fin e effect 
when adult trees form long rows on either side of avenues Tl.« 
cabbage palm resembles the coconut, hath having pinnate leaves 
but III the former the inflorescence is home some distance below the 
(Town of leaves, white ,n the latter it is l*>rne in the axife of the 
leave, of the crown. The royal palm {Oreodoira tvqLA j. j H! 
moii than the cabbage palm and can I* ditrtingu JS i t ,iT L ™' 
Btnooth even trunk which bulges in the S ? ** 

Among the native palms may be mentioned the eta palm (ItauriHa 
lema and large clusters of small fri)itK 
an inch in diameter: the mamcole {Euterpe 'duti»\ with i„„. 1 * 

dor erect stem, and the troolie (M<mieai-ia toccifera) mU( .i, " f 

<■» 01 f„ rms r, LT !T 

nuisance to the collector because of the prolonged midrib ^ , 

t™ti r T'“' d tl,0n ”' Cnjs !n ,h ' *2 llL “nlTn! 

There b a great variety of trees planted along the street, ■ 
the parks of Georgetown, all of much interest toll* W a nbt n T 
a few of three can be mentioned here. Probably the commonest oivL 
conspicuous trees is the saman or ratntree {Pitheeoto&hH*, 

Samtmta fa men ). with a graceful rounded widely snre»d; n * saT ^>i, 
flame tree or flamboyant re?ia, Pomdana 1 ^ 

large clusters of showy scarlet flowers that cover the tree wh 
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leaves have dropped, The frangipani (Flumiera alba) has white 
flowers and large stubbv twigs that give the tree a coarse ugly ap¬ 
pearance when the leavlas have fallen. The cannonball tree {Cou 
rQupita is curie us in that it bears the flowers and fruits 

in a tangle of short branches along the trunk between the foliage 
branches and the ground. The fruits arc globose, russet-brown, about 
6 inches in diameter, und evil-smelling, though the dowel's arc sweet 
scented. The queen of flowers {Lagcr*tro<mia a tall tree, 

and the crape myrtle {Lagirttroemia indica), a large shrub, are 
frequent in parks and gardens. In Georgetown the first of these is 
frequently called king of flowers and the second queen of flowers. 

Among the shruljs one sees the hibiscus (Htbbtcu# /osw-mnensi*) 
with many varieties, tbe rose of Sharon (£1. synocua), and the coral 
hibiscus (//. schUopetahia). The crotous {Codmeam larkyatum) 
ore present in entiles varieties, cultivated Iwcause of the beautifully 
mottled, often spindly twisted, leaves. The copper leaf {Aarfypha 
wilkeftiana) is also cultivated for its bronze green or molded foliage, 
the leaves being heart shaped. A rather common hedge plant is 
Xothopanux gu'dfoylei, with white-margined leaflets. 

There are several ornamental vines. The most conspicuous is the 
bougainvillea, a truly gorgeous plant when in full flower. There 
are three species here. These are known in Georgetown as l?puyuin- 
villea sandcriana, with purple flowers (bracts), B. lattriba, with 
terra- cou a flowers, and B- glabra, with pink flowers. The first is 
the most abundant and probably the most beautiful. Thu red coral iU 
lAnihfonmi hptopm) and a white variety of the same are common. 
The flllmnunda (varieties of AUamanda catAartka) has large yellow 
somewhat bell shaped flowere. The gloriosa {Qloriow tjperba) ls 
a strange-looking climbing lily with spirally tw*ted iwreantU divi¬ 
sions. A most attractive vine is the petrea or purple wreath (/ etna 
volvlilb) with long, drooping racemes of lavender or purple flowere. 
There is #Jbcma white variety. 

The flora of the colony can best be reviewed by reference to the 
natural reologic condition*. First, however, a few word* may well 
he devoted to the introduced flora. A very largo proportion of the 
plants found in the vicinity of the towns and the plantatmns is in¬ 
troduced. Among the grasses 20 per cent uf all the known species 
of the colony are introduced, and since the* spKU* are found 
mostly around the settlements, they would constitute there a much 
greater proportion. Comparing the grass flora o Georgetown, with 
That of the West Indies, one is surprised at the absence or ranty of 
certain species commnnlv introduced In the latter region Among 
these mafbe mentioned Eeagrotth cilia™, E. pdma, DactgUcUmum 
aegyptiam, Chlom cilbta, C, pantguopen*'*, C. petraea, (. radusia. 
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Aoeid aiiena, Aixlhephora hemuiphroditn, VuloUi haul arts, Puxpahim 
paniculatum, Ptmii'mn fasc^ui/ntutn , Ctnchrus viridw, J/onwuni 
pranvtari#, Ail these species ate common weeds in the West Indies. 

Tiie mangrove formation is conspicuous along nearly the whole 
of the coast of British Guiana and extends along the hanks of the 
risers as far as the influence of salt water reaches* The tide is felt 
rottnj miles inland, usually as far as the first rapids* that is, from 
30 to CO miles* though the salt water may not reach this far. Salt¬ 
water plants are found in places wliere the surface water is fresh. 
It is probable that in such places the lower layers of salt or brackish 
water are overlain with fresh water. The’chief species of tree* 
making up the mangrove formation are black mangrove (Rhiso- 
pfar* white mangrove {Laguneuluru, racemom), rounds 

mtma ), and binders [Drepmwtcftmtf lunofus) The 
hlack mangrove has glossy thick dark green leaves. The seeds 
gemmate while etill attached to the branches and the root extends 
down as u cylindrical brown object several inches long, looking like 
long pods. These finally fall off and the young plant falls into the 

T “■£"** ^ 5 Urren ^ tiI1 * is stranded and then continues 
growth, The roots of the tree are arched and stilt-like, forming a 
tangled mass through which the tide rises and falls. The black 
mangrove appears to be more common along river hanks than along 
tm sea coast, 

The white mangrove has smooth leaves and white pubescent 
^.kes of flowers the hard nut!ike fruits obovato and two-ridged 
rhe rounds has die leaves whitened beneath and produces laree 
nunmere of vertical air roots that come up through the soil in the 
vicinity of the plants. The hinderee or bindorec pimpler is a vicious 
plant because of the numerous short firm recurved slipulnr or a kies 
This SJ^ LCS belongs to the legume family and has racemes of rather 
small blue papilionaceous fJowere and flat curved or lunate noils 

On a sand flat near Kitty Village, a suburb of Georgetown, mav 
£ ^ several charectembe shore plants. A creeping morning 
glory Vr*™* p a -capras)jnth upright flowering stems a W 
or two tall is abundant. Other common species are n u:„ i * ,f 
grass (Sporobch* vkytnicw), seashore heliotrope * 

evmmcwn), with one-sided curved rare mes of small white JuC 
sea purslane with 

ing fleshy stems and pmk st*r-sh ft p*l flowers in the *x\k rf? 
leaves, salt wort {Bata maritime.), a wmishruh a toot or (m i .S? 
growing in the mud around the mangrove »„,] i ft _. - ' ® 

A*™**p.). B yellow leafless vine £2*£ 't?™* 

Tlw owdol repon, (lie allmfe] Plain cjtenrlinz "t 

Ivom tie coast, i. to a eotuU.r.11, degree iod b) . 
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account of the heavy min fall the water is fresh except near tidal 
estuaries where it is more or less brackish. The marshes are inter¬ 
spersed with rivers and creeks, and water plants are abundant. Tko 
most characteristic tree of this region U the eta palm (AfonnHn flax- 
t tom) which gives the marshes the aspect of the low land along the 
coast of South Carolina -where the cabbage palmetto (Sabai palmetto) 
is the prevailing tree. The eta palm has a duster of deeply cut fan- 
shaped leaves. 

A common plant in the marshes and along the streams is mucka- 
mucka (.1 fontrichardia arbvmcem ), an erect aroid growing to the 
height of 10 to 15 feet, gregarious in dense impenetrable thickets. 
The stem is thicker at the base and covered with short straight 
prickles. The white flowers are about the sliapc of those of lie calk 
lily. A greet variety of water plants are found here, many of them 
with showy flowers, and many species of sedges and grasses. The 
giant Victoria regia, is native to the rivers farther inland but is freely 
planted in the canals of the botanical garden and other parts of 
fleorgetown. The immense leaves are several feet in diameter and 
are turned up at the edges. Several species of water lilies are found, 
some native, some introduced, with flowers white, yellow, pink, and 
blue. The water hyacinth (two .si*cies of Eiehemia or Pknopw) 
with a showy cluster of lavender evanescent flowers and the leaves 
swollen and hollow nl the base, several species of [• tricvhinn and 
Pinguteitla* water lettuce (Pintia sfratbdes), Cabomba , Satviriia, 
AzoRa t and Mayaca> are frequent. 

Somewhat further up the rivers is found the wild cacao (Pachira 
ojmrrica), with digitate leaves, large InsseUike flowers as much S3 
8 inches long, and brown fruit about the shape of a cacao pod. 

When ii clearing is allowed to grow up to forest one of the first 
species to make its appearance in quantity is the trumpet tree 

(Cecropia peJfata), - . 

The virgin forest cowers nearly the whole of British tun ana. 
This climax of vegetation is of great interest, for it represents the 
resultant of tho struggle of existence between species and indi¬ 
viduals rather than between plants and their physu iil envjronrntnt, 
such as climate and soil conditions. The forest of the Tropicsi differs 
much in aspect and composition from the forest of the north. A 
redwood forest of the Pacific slope impresses one as being a coUec* 
tUm of magnificent trees: the rain forest of the Tropics impresses 
one as being a vast amount of vegetation, but not as a collection of 
large trees."The edge of a forest, either where it abuts upon a Hear¬ 
ing or where it overhangs a river, is very; luximant, presenting to 
the eye an impenetrable wall of green. There is the same vigor of 
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growth at the top of the forest. In general, the activity of the mass 
of vegetation is greatest at the periphery, where there is access to 
light. It is here that the flowers are produced. One can usually 
obtain flowers from the overhanging branches of trees by collecting 
from u boat in the rivers and streams. One may pass through a 
forest and find scattered on the ground the corollas of flowers borne 
far above and out of sight. The collector can obtain specimens of 
these only by felling the trees, and he often obtains n rich harvest 
by accompanying workers taking out logs of commercial timber or 
making clearings or cutting roads or trails. 

The interior of the ruin forest is a solemn place. In the brightest 
duy the sunlight does not penetrate and there is a subdued diffused 
light that seems to emphasise the silence. Ordinarily one con walk 
without much difficulty in any direction. Although there are many 
large trees in the forest they are scattered and the spaces between 
ure filled with trees of varying smaller aiy.es. Woody vines or lianas 
are abundant, leafless and flowerless as they twin*.'or struggle up 
wards, finally lost in the roof of the forest, Sonic lianas are deeply 
cut into the bark of the trees they entwine, others dangle unsupported 
for long distances, the original support having 1*en Jest roved The 
trees of the first doss-the gianU^-rUe straight and strong/ihe dmfta 
passing upward out of sight in the mass of branches and foliage 
As viewed from the outside one sees here and there the topa of time 
giants rising far nlwve the general level of the forest. Trees of a 
second class pas* up to form the general mass of the forest roof Be 
tween them there is a third class whose tops expand lielnw the tops 
of the others and must be satisfied with a lea* amount of li L ,h t 
Below these are other classes Mttrady more spindling, arrested in 
their growth by the competition of their more powerful neighbors 
Some of these nuuntam a precarious existence, others give up the 
Struggle and die. Dead trees, branches, and twigs soon m * 
or are ground to powder by the wood ante. For this reason one 
never sees the accumulation of dead logs that is found In northnm 
forests. The floor of the forest is comparatively clean. The su h 
dued light permits but a small amount of low vegetation. The™ 
are normally a few species that have become adapted to the conili 
turns prevailing here. Such are certain broad-le^d spade* of 
Ichnanthus and a few aroids and gesnerureons shrubs; tL 
tendency for the larger trees to produce buttressed ronr« «t * 
the base of the trunk expands into thin supporting slabs t W !! r ?’ 
in all directions, giving greater stability to the tree T| ,flt<5 
tree (Difnorphtmdra more), a common tree in the interior f D ’ 01 * 
has such buttresses prominently formed and often ,• t ' ,rests > 
the trunk. * emending far up 
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The species of the forest trees are not gregarious but are scattered 
here and there. Species of the mangrove formation are gregarious 
as are also such trees as the eta palm of the swampy areas. 

In the region between the Dome ram and Essequibo Rivers trav¬ 
ersed by the railroad connecting Wksmar and Roekstone there is a 
white sand scrub similar to that found in central Florida. The soil 
b mainly a white quartz sand. The vegetation consists of shrubs 
and small trees, mostly not over IS to 15 feet tall, growing in scat¬ 
tered dusters or small thickets with areas of hare sand intermixed. 
The herbaceous plants are comparatively infrequent and incon¬ 


spicuous. — . . „ . 

In reviewing the lowland flora of British Guiana in comparison 

with that of the United States one notices the absence of some 
families, the small representation of some, and the large representa¬ 
tion of others. The grasses, sedges, and leguminous plants are 
present in about the same proportion as in the l nitcd States. >-omc 
families common in the United States are absent or represented by 
onlv a few species, such as the amentiferous trees (oaks, birches, 
hickories) T Kanuncukecn£ f Kos^cene, Saxifrugneene,, Menth&cejie 
(Labia tae), Scrophulariaceae, Brnssicaceae (Crueiferae), ami 
\piaceae (Umbclliferaeb The Asternccae (Composite*) the larg¬ 
ed famih m the United States is represented by proportionately 
jrreatlv reduced numbers, Some familiar families, such as huphor- 
biuceae. are found in British Guiana chiefly os trees. There are 
arboreous species of Solamim with flowers very similar to those of 

the common *hite potato (Solamim tv&*ro*um). 

On the other hand, certain families sparsely represented in the 
cooler parts of the United States are found in greatly incre^d 
numbers, such as Rubiaeeae, I-suraccae, and Sapotaceae. The great 
families Melartomaceae, Myrtaceae, Phocmcaceae (Palmae) and 
Pineraceae extend onlv into the wanner parts of the United States. 

vSSr“pn^W i" ">« »o rth b >' '“ rh w phf? - 

the pulpit and skunk cabbage, arc found as giants inth leaf-blades 
o io 4 f eC £ i onff or os great climbers of the forest. The on hick do 
not reach their" greatest development in the lowlands bnt are a eon- 
finkuotis feature of the vegetation around Koruima* 

P j, is hoped that botanists may investigate the interior, for there 
U no donbt that the ventral and sonthem P«ta of the colony -nil 
yield many interesting discoveries. 
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Tne. Stilt-Roots or Manorgve: jRhizophORA mahOLE* Near the Penal Settlement* 
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L Cftbtajt [hilra (Orttrivia ofcera}, iHBmtflfi unuwnnnlid In*, 1 RnmJjwil [TWoi aJbtih ft *mnJI tr<* *kih whis* fawn. 
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I. Tl; r a nnm h n tui d [tcw (Sa r«n nm n i, ft tn^i M LTul wldOhafWttftdJJi# fimnd-tCifYncd IffiunkUHLS 
IfM much wwis 111 |KifkL4 ami iiLm 13 ± Lm". . 
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View im Promenade Garden* Georgetown. 
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[With la pgjiicfl.] 

It is usual to write of the Tropics m n world of teaming, inexhaus¬ 
tible fertility, a rich storehouse erf food and raw material# waiting 
oily to be drawn upon to support the ever-growing populations and 
industries of temperate regions. The reality is very far from this 
trailitionnJ idea- Tropkal lands in general are neither more fertile 
nor more continuously productive than those of temperate regions. 
Though tropkal temperatures make it possible for phints to grow 
for 12 months in the year instead of for the short summer season of 
temperate countries continuous all-year production of foods or other 
important crops requires specialized, intensive systems of agriculture, 
which as yet have been developed and applied in only a few regions* 

Under the primitive system followed in most tropical countries, 
production not only is less continuous than in temperate regions, but 
may decline rapidly and even cease altogether. Regions that sup¬ 
ported large populations and were the scenes of great activity in 
former times are now uncultivated* Primitive civilizations destroyed 
the very basis of their own existence. Nations may p^iss without 
history* and yet leave mark? of devastation. Instead of the natural 
resources of production being still untouched* most of the tropical 
world is far from a virgin state* a fact too often overlooked in tropical 
undertaking's. The woody vegetation of many tropical regions is 
u bush.* 1 or secondary growth* instead o£ original virgin forest. Very 
old hush approximates the original forest* but It is possible to dis¬ 
tinguish many stages of reforestation and to estimate roughly the 
period thut has elapsed since the land was used for agricultural pur¬ 
poses whether decades or centuries ago.® 

i Rrr Vrg'fltfltdDn AffrtfrU fcj AfXfrattQTP la Ceatfal Amatlei, Rtf inf af Plant |niltt*trj 
HnJSptln J in. IDfi-i imtoroir of primitive mcrietilliir*. «fo«ntB.Tkni aqiJ fi»m, *tl- 

tuttosi of plants li4r«i fctfja si>Ati d In lh« .foSIeirlflE puprni: Shad* In CaPtnr?. U- ®, 

IVjji. tif Apricnltn rr„ DSt. Pot. But. EE, IMd j Tbo American Orttftn of AgOra ktnr*. Pupujir 
ScIrBC* Oetfl^r. 1CK>E; Food P:*nta nf Andcot Amwin, Smi rh^nlun Export. 

iSKi3t Cottna Cwitort in Gw* mb* is, IV y. f^pt, of Afrlruhiaf* T*tirbMh, 8fll fc 1 0fH; 
Change of T^prlitlDEt mi RoUHh Trim PnlrSri. Bamn of Plant InduaTry 0r, U f IMG j 
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1010; WKjd Wlirftt \A palrjufctjf. Burui’i Fl^nt lodwlrj fiul. 374. 1V33 ; J*wiih (>ba!ia< 
tluo In ImlrJtlor-, FvjHitar Sci-rac* Monthly,. Naruntar. 1013 \ 1’chp Lbllldr* , r hjtrn^n 
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KATOtE OF THE MILT A SYSTEM. 

The mil pa system of agriculture is cliaractcrizod by the pleating 
at crops in temporary clearings. Instead tpf keeping the same land 
under cultivation, new clearings are cut and burned for planting, 
while clearings o! previous yea re are abandoned to the wild vegeta¬ 
tion, Donbtleffi the utter simplicity of the system lias tended to keep 
it from being recognized or studied os a factor of tropical life, 
though of war Id-wide distribution. The upland cultivation of rice 
among the primitive tribes of tropical Asia and Africa follows the 
same methods ns cultivation of maize in the New World Tropica. 
Specialized, permanent systems of terrace agriculture were developed 
for the culture of maize in ancient Pem and in Central America, 
and similar systems of terracing are used for water cultivation of 
rice and other aquatic crops m eastern Asia, but in both hernia 
pheres the more advanced nations are surrounded by primitive 
neighbors who have continued to use the mil pa system* * 

How lit lie attention has been given to the relations of agriculture 
and tropical vegetation may be inferred from the fact that English 
and other European languages have had nn recognised names for 
this primitive system of crop production which is general In hot 
countries, although ouch a term is necessary for the simplest purposes 
of definition and discussion. Mil pa agriculture would be a con¬ 
venient designation, the native word “milpn w having l>een adopter] by 
the Sfuinish-spcakixig people of Central America in the ser^c of a 
maize field, or a clearing in the forest, cut and burned for planting 
maize. As an Aztec word, mil pa is derived in Itabelo’s Dicciormrio 
de Aztcquismos from a planting, and u pn t ” in, with the 

remark: 44 Now applied only to plantings of maize/" The vocabulary 
of Brinious Maya Ch re nicies includes a verb ;i nmlba, 11 u to congre- 
gate, to come together/* the possible connection being theifc all the 
people **f a community usually work together in cutting and 
especially la planting a milpa. a Planting-bees/ 11 as we would say, arc 
a regular part of the system. 3 

Milpa agriculture sippears well adapted to the needs of very primi¬ 
tive peoples, since only a minimum of labor and equipment is re¬ 
quired. The sis or the catlap Is the only tool that is necessary. 
Trills who did not have effective cutting implements felled or 

Asri'Ultnrr 5n TropkiJ Air--I--, Pr*c Sc«nwl Pw-AiMr|nfi iV-r^p, Yol. HE. 

pp. 675-4'U, 1013-ia 5 Acrk-dlturv hp«J Kativt in i’eru, 4wr. Wjj-h.. Aa l. *ki. 

VI. No. ll. 1010; Stair ljlw TmtmM flf lie Amr^ats, NaUotLfci GOT^raplik Alisailn^, ^ 474, 
j 010 \ of AnlJnJil* tfl Fmi* Journal of Jkr 4 dt&, 17 fl K IftlQ ; Foil Plow 

^jfrlaalniM In Fcrtl. SmllJuoniAB Report* pp. AH7-4H1* 1*11*. 
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girdled the trees by building fires around them. According to 
D« Pmtz the Indiiins of Louisiana rut away tile chnrcoal with their 
stone axes to hasten the action of lire in burning through the tree 
trunks. The method of clearing land among the larahumaro In¬ 
dians, a primitive tribe living in the mountains of northwestern 
Mexico, is described as follows: 

On a level placi? la tin* finest wlsere the humus te rich nnd vcftcrnllj near 
Mme stream, the Imliao wilt hie away a atrip at hark 2 to 8 feel ttnaid from 
the tranks «f all the pine irw>* over n tract at u lew or perimps 20 acres or 
more. Then, after two or three years, the pines are, of course, eoiuptiHeJy 
ilrli*] up They are now cut ituwn and during the driest eon sen when there, 
pcrliiipfl, has not been nny ruin for B tn 10 ttumtlB, the whole nmss of imate 
and broken branches am set ufi Or® and hunted lo lUdn*. Same of the tret* 
that Btnnd nearest to this plant Are are, of course, destroyed, but no forest 
fln-a arise.* 

Though the cutting and burning of it tract of tangled tropical 
forest is hard work, even with steel tools, other forms of agricultural 
luljor are avoided by the milpn system. If a “good burn” is se¬ 
cured the soil is left clean and in excellent condition. Plowing, 
hoeing, and weeding are unnecessary. Planting still is done in Cen¬ 
tral America with a charred stick. Some of the Indians of (nmte- 
mala consider it unlucky even to walk through a com field while the 
plants are growing. The ears are gathered as needed, und the stalks 
left standing in the field. 

Tn typical milpi agriculture no lalwr is given to the working of 
the soil, either before or after planting. The crop simply is planted 
and allowed to grow. In some regions the system is varied by pull¬ 
ing or hoeing nut weeds. The land also may be cleared mice or twice 
with hoes or cutlasses for planting a second or a third crop before 
the field is abandoned to the growth of “bush,” In West Africa 
new forest clearings are planted with rice. This ripens in a few 
weeks and is followed by cassava, which grows through the next 
season. In the so-culled “jum ” cultivation of Assam, forest clear¬ 
ings ore Mid to lte planted for two years and then abandoned for 
eight or nine years, while the jungle grows again. Ivren European 
setters in the Tropics usually follow the native method of clearing 
the land hv cutting and burning, in spite of the fact that large 
amounts of valuable lea f litter and humus may be destroyed, (Pi. 
t,%. 1 : pi 2 . fig -2 ) 

EFFECTS OF REPEATED ('LEARISO. 

The rapid renewal of the jungle in forest clearings gives u vivid 
impression o f exuberant that many travelers and archeologists 

a JUrtfMir, c. Wo, 1R0T, Tt^ IndJiM nit Malm Cangr* iDtanuUobal 
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have remarked, while few have taken Recount of the mi! pa system. 
Repeated burning of the forest for agricultural purposes product’s 
an effect entirely different from the clearing for purposes of study 
of a group of forest-covered ruins, like those of Palenque. The 
woody growth is restored less rapidly after each agricultural clear¬ 
ing* and a state of complete denudation and exhaustion of the soil 
may be reached if the burnings continue. A region that has been 
exploited thoroughly by the mil pa system may require many decades, 
and even centuries, before the fertility of the soil is fully restored. 

In a virgin-forest clearing the wild vegetation may begin to re¬ 
assert itself even in advance of the maturity of the crop. Sprouts 
may come up from the stumps or from plants with underground 
rootstocks that are not killed by the fire and rank weeds appear. 
With a moist climate and a rich soil the growth of woody plants 
may be sufficient in a few months to permit the same land to bo 
burned and planted again in tbe second or third year, but this is 
true only of clearings in old or virgin forest, A longer {period of 
renewal is required after the second burning, before there is enough 
K bush 71 to bum again, and the interval lengthens gradually to the 
fifth, seventh, or tenth year, depending upon the soil and other local 
conditions, but also very largely ujion the length of time that the 
district has been occupied since the original forest growth was de¬ 
stroyed. 

That the “hush takes longer to renew itself after each successive 
cutting ond burning means, of course, that the soil is becoming less 
fertile. The genuine forest growth gives place to other plants that 
are adapted to the more open and exposed conditions of the burnt- 
over lands, and eventually some of the largo perennial grasses become 
established. Though grass bums readily in tbe dry season, the roots 
and rootstocks arc not injured and continue to occupy the soil to the 
exclusion of other plants. The method of cutting and burning serves 
to clear land of woody vegetation, but becomes ineffective when the 
land is occupied with grasses that resist fire. Accumulations of drv 
grass make fires hot enough to destroy seedlings of other plants, or 
even to kill large trees when the heat is carried by wind. 

The self-limiting character of milpa agriculture does not result 
solely from burning the clearings that have been cut for planting, 
but also from the fire spreading to neighboring bush or grass lamb. 
Where only !i or 10 acres have been cut 100 or 1,000 acres may be 
burned over. The Tartdiumare Indians, of north western Mexico, 
according to Hartmann, keep up a custom of burning off all the grass 
during the dry season from April to June In the belief that the smoke 
clouds produce rain, u wherefore it becomes almost impossible to 
travel in the mountains during that time of the year, there being no 
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pasture in 1 m found for the saddle and pack animals. Vitos are seen 
continually burning day and night all over the mountains tip to the 
highest crest* leaving the stony ground blackened and barren* hut the 
forests stand green,” 

With fires sweeping over the country at intervals of a year or two, 
the grasslunffe not only are main twined but may even encroach upon 
adjacent tracts of woody vegetation from the windward side. Tho 
wider the ana of grasslands the more they tend to increase through 
the agency of fire, until the whole district is denuded, or forests re¬ 
main only in places that are inaccessible to fire because grass does 
nut grow T as on rocks, loose sand* or (Wiled areas along the streams* 
When the process of denudation has gone so far that land for milpas 
can no longer be cleared and planted by the native methods the 
period of agricultural occupation is at an end. Thus the milpa sys¬ 
tem carries with it the agency of its own destruction in producing the 
grasslands that arc not amenable to the kind of cultivation that the 
system providcH. and the process tends to accelerate as the limit is 
npproachesL As long as a district, is occupied by an agricultural 
population using the milpa system the clanger of fire remains. 

The regular use of grasslands for agricultural purposes is confined 
to temperate regions and to high altitudes in the Tropics, Plowing or 
soeoe equivalent operation must be performed in order to uproot, 
buryf or otherwise destroy the grasses before crops can be planted. 
But plows and harrows are worked with draft animals, which prixni- 
live tribes do not have. 

Grasslands nto subdued by hand JaWr in a few overpopulated 
tropical regions. A nearly continuous cultivation is maintained in 
some of the mountain districts of Haiti where grass and weeds are 
dug out with cutlwsica The result is a more rapid and complete 
denudation of the land, and a restricted production of food must be 
expected if better systems are not introduced* Another result is 
heavier floods ami land slides Hint destroy agricultural lands in the 
lower valleys. (PI 13, fig. 2.) 

A more primitive and yet distinctly specialized system of cultiva¬ 
tion of grasslands is reported by Chalmers and Gill among the 
natives of southeastern New Guinea. 

The plantation* are well eared for. tVe up<ns a number of men En Ltie 
huxh prepairinp dir salt for planting. The loop erofis had been burnt nlf. Kow, 
for the r| i£pd ti l: up of tlie hard ground, Several meta stood In r r*rar B each pro- 
vlfled with n sharp-polnted fitfotig stake, These an* cIHteH Info the w!l Ln 
utibHL>u ■ in another second the hnnl dotin are fljinp 1 upward nil nSiuag the line* 
remlmUnj; one of the perfect rcjculnrlry witli which a unu-of-Wi^B crew dig 
into the wo tor. Tliese Torn went i?a with theif employment without paying the 
aUghto^ bm| to ns *tmnja?rs/ 


*Ch»lnn?m. t- inti 013J p W. W„ 18S5,. Work ami Advent 11 r* la TSvm iJuipia, p* 2»5. 
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JUG RATION TO NEW LANDS. 

The Dearest approaches to plowing by native methods in America 
were made in Peru and in Central America, but in both regions 
tillage agriculture appears to have been confined to the high plateaus* 
and is wot known to have extended to the tropical lowlands. Most 
of the natives of America had not advanced beyond the milpa stage. 
Except, in Pern, the agricultural Indians of America hud no beasts 
of burden* and even the llama was not used ns a draft animal to 
assist in the cultivation of the land. The jjermanent terrace agri¬ 
culture of the maize belt of Peru and the still more laborious turf- 
land cultivation nf the high-altitude potato belt are examples of 
specialized systems that replaced milpa agriculture in limited areas. 
Tillage anti the use of fertilizers were regularly practiced in Peru, 
ils well as the reclamation of arid valleys by irrigation through long 
canals very difficult to const met in precipitous mountain valleys. 
Large areas nf permanently productive artificial hinds were made by 
terracing, filling, and covering the surface with a thick layer of 
fertile soil. The terras system was applied both to steep slopes and 
to the bottoms of the valleys, with the stream beds straightened* nar¬ 
rowed, and walled in. 

Instead of improving their methods end making their agriculture 
more intensive by tillage, cull ivat ion* guano, irrigation* and terrac¬ 
ing, as practiced in ancient Pern, the Indians of Central America 
used the milpa. system inure extensively, and this plan Is si ill followed. 
People who have exhausted neighboring lands go farther out until 
they find good mil for milpiis, some!sines 50 miles or more f rom their 
ancestral villages* mi-1 carry the crops home on their backs. Mow 
traveling is done instead of more farm labor, and the people are 
inured to the carrying of heavy lomU* in which they show remarks bio 
Strength and endurance. To bring in the harvest from the distant 
milpa may reijiiirq several trips by the whole family. Forty man 
loads of maize were considered as a normal supply for it family, 
according tu Bishop Lunda* who wrote of the Mavas of Yucatan 
about L5GCL The mrcapat, a woven bund of strip of leather across 
lhr forehead to support ihe load on the buck, b a characteristic 
feature of tins long-distance milpa agriculture. Even a young child 
wears his little meoapal and i-arrit® u small hag of com. 

Although agriculture is always considered a settled existence, in 
comparison with hunting or pastoral life* milpa agriculture is in a 
sense nomadic, from the need of moving about in order to find lands 
suitable fur planting. Like wondering shepherds, the same tribe 
might come back after decades or centuries to reocrupy a region that 
their forefathers had deforested and abandoned. Thug a succession 
of agricultural occupations is indicated in scum* districts in Central 
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America, corresponding to the native traditions of tribal wander' 
mgs for many centuries before the arrival of Europeans. Though 
the dated inscriptions that archeologists have deciphered on the 
statues and monuments of Central America go back only a little be¬ 
yond tbo Christian era. the Mayas hud an exact system of chronology 
with » starting point about 4.3(H) years before the Spanish conquest. 

LIMITS OF POPULATION UNDER THE U1LFA SYSTEM. 

Only a small, scattered population can secure permanent support 
from the milpa system of agriculture. As any particular piece of 
Ituid can be expected to produce crops of com only at intervals of 
several years, each family requires a large acreage. Among the coffee 
planters of eastern Guatemala, in a forested mountain country with 
many fertile valleys, the carrying capacity of the land for Indian 
laborers is estimated on the busts of 100 to 200 acres per family. Tn 
u partially denuded or impoverished country even five hundred or a 
thousand acres per family might be required for a permanent food 
supply. 

The natives of West Africa always prefer to cut the “big bush,” 
knowing that the forest soil is more fertile. u Young bush " is cut 
when older growth is not accessible. The none of grass-covered “old 
fields*’ around an African village is continunlly widened, and when 
there is no more forest within reach tlie village is moved tn an un¬ 
occupied district, if such can lie found. The grassy ” fields ” persist 
long after the other signs of human habitation have disappeared. 

The same preference for the new clearings in old forest is found 
among the natives of lowland districts in Central America, but in 
the mountains of eastern Guatemala the first crop of maize after an 
old forest has been cut may not be as large as the next crop on the 
same land, when it is cleared again after the first period of secondary 
growth. Tn the rainy climate of the mountain districts it may not lie 
easy to get a “good bum” sufficient to kill tlm tree roots and dear 
ground thoroughly* In some seasons the brash remains too wet to 
bum and then there is danger of famine. Not to lose a possible 
chance that dry weather may come late in the season the Indians 
plant their mil pas and bum them afterward, if possible. In moist 
Around the seeds or young seedling* are not killed by the fire sweep¬ 
ing over them, but usually only a partial crop is secured by tins ex¬ 
pedient. even where the maize is cared for hy weeding mid cutting 
out the tree sprouts. In wet years the coffee planters find ii neces¬ 
sary to import maize from New Orleans to feed the native popula¬ 
tion, though the Indians still suffer because the tortillas made from 
the foreign grain are bitter and unwholesome, quite different from 
the excellent native product. 
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Such years of famine would tend naturally to keep a primitive 
people from occupying a very humid district unless driven by pres¬ 
sure of population or other necessity, or unless there were a system of 
Hturehotises for feeding the people in famine years, as in ancient 
Pem The chief danger in Peril was from unseasonable frosts in the 
high altitudes, but at ordinary elevations either too much rain or too 
little would represent a limiting factor, tending to destroy or drive 
out a primitive people that had ventured beyond the margin of a 
safe existence or depleted the resources of its native district. 

If the population remains in a district after oil the lands have 
been cut over, resort must lie had to repeated clearing" of the same 
lauds as soon as the u bush w is large enough to burn, without trailing 
for trees to grow and new soil to be formed. And since the forest 
growth and the fertility of the sol! are renewed more slowly after 
each burning 1 the adverse effects tend to he multiplied. Once the bal¬ 
ance is upset, so that the natural agencies for renewal of the soil do 
not have time to work, mil pa agriculture becomes an actively de¬ 
structive system. How often the land may be cleared, or how many 
times the woody growth will renew itself t must be determined by the 
local rondUions of soil and climate, but a definite limit is reached 
when the woody vegetation ceases to grow and the land becomes c*> 
copied by grasses. The larger the population the more complete 
and extensive is the agricultural catastrophe which must ensue 
when a people who depend entirely upon the niilpn system have ex¬ 
hausted their resources of production* 

CENT EES OF POPULATION. 

Primitive tropica! peoples may live either in villages or large 
romnumal houses or the families may bo widely scattered over the 
land. Even among the Maya peoples of Central America there were 
tribes like the Kekehis of eastern Guatemala whet seem originally to 
have had no villages until assembled by the Spanish missionaries 
for religious control and inatruction. The fact that all the so-called 
u Ohl Empire” cities of the Mayas in Central America have been found 
buried in deep forests shows what tlm country was like before it was 
occupied by the builders of the ruins. But wide areas of the Maya 
country must have been cleared when there were people to build 
such cities. 

The more centralized a population becomes the more definite and 
obvious are the effects of its agricultural activities* The lands im¬ 
mediately imrrounding large Indian towns in Cenftnd America at 
the present time are not merely deforested after the manner of clear¬ 
ings for mi!pus* but are completely denuded, in order to furnish fuel 
for the towns. Firewood and charcoal for many of the towns are 
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carried on the backs of men for 2 or 3 leagues, and sometimes for 
much greater distances. Lands suitable for farming have to be 
sought much farther away, often at a range of *20 or 30 miles. In¬ 
dians from San Pedro Carchu near Coban may plant mi I pas in the 
district between Senahu and Cajabon and carry com borne on their 
backs, 50 or 60 miles. 

The tendency is, of course, for people who raise their crops too 
many miles from the home settlement to spend more time at their 
mil pus and carry back less of their com. Thus an old center is 
likely to lose its population gradually after the circle of exhausted 
hind becomes too wide, or the people may migrate together to a new 
district. Native villages in West Africa usually occupy the same 
site for only a decade or two. With nothing in Lhe way of permanent 
buildings or other improvements to interfere, a new locution is sought 
as soon as all the forest has been cut within a convenient radius of 
2 or ft miles. Much larger areas of denudation were formed, no 
doubt, by people who advanced further in civilisation and made 
permanent investments of labor in the building of stone bouses, 
temples, and monuments, as in Central America, But considering 
that there were no beasts of burden in Central America, and very 
little in the way of navigable rivers, so that transportation was 
limited, to human carriens. centers of population could hardly have 
been maintained from lands that were more than 20 or 30 miles 
away, Some families might go farther out to “ make milpos " and 
carry in their com, so as to live in town for a pari of the time, but 
large centers would be impracticable on a b&sis of milpa agriculture 
and man-back transportation. 

In other parts of the world when? beasts of burden were used, boats 
on rivers, or ships on the sea. supplies could be drawn from greater 
distances, hundreds of miles, if necessary, so that larger and more 
permanent centers of population could I* supported, like the ancient 
cities of the Babylonians. Egyptians, Greeks, and Romans. Agri¬ 
cultural decay and reduced production at home were made good tem¬ 
porarily by extending the range of commerce, but with ever-increas¬ 
ing difficulty and eventually disaster. 

The general tendency of civilization is to develop large centers of 
population without corresponding improvement of food supplies, so 
that practical limits are readied. Urban ideas and interests are 
dominant, industrial and commercial activities are preferred, and 
agriculture remains in the background. As more people are drawn 
into cities, supplies have to be brought from greater distances, requir¬ 
ing more labor and more complex and delicate economic adjustments. 

with the arts of transportation still wore improved, our modem 
centers of industrial activity have the entire world in tribute and are 
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dependent iipoii tlie agriculture of people who live thousmids of miles 
away, on other sides of the globe. Facilities of communication make 
the agricultural problem universal, though production still is limited 
by the same factors as in primitive times. Forests and soils continue 
to lie depleted. Production is nut maintained ind efini tely on the 
same hinds, but new regions are opened and exploited. Our ugri* 
culture must still be described as predatory and temporary, rather 
than as construct ire and permanent. Unnecessary transportation 
wastes labor and other productive resources in civilized countries no 
less than among the primitive people who find themselves compelled 
to move to new lands when old locations become denuded and grass* 
grown. 

T ho removal of popidation from a denuded district might be 
gradual, or there might be a general withdrawal to a new settlement 
in the midst of fertile lands And with an abundance of fuel close at 
hand. Thus it is not difficult to understand that a center of popular 
tinn in one period might a little later be completely abandoned and 
allowed to grow up again to forests. The Indians of Centre I 
America are extremely conservative, stationary people, who would 
resist any change as long as jmssible, but once such a movement had 
definitely begun the tendency would be for the whole population to 
go, so an to maintain a strong community. From this point of view 
the traditions of prehistoric migrations and colonisation of new dis - 
triots do not seem strange or unreasonable. 

In recent centuries, during the period of exploitation by Europeans, 
the normal relations between the native system of agriculture and its 
environment have been altered in many ways. Populations have 
often lieen restricted, reduced, nr compelled to move by wars, (Kilitical 
disturbances, or economic changes, and the agricultural systems of 
many districts have been altered profoundly by the introduction of 
leasts of burden and grazing animals. Grass lauds that were useless 
before became available as postures, (See ph 13, fig. 1.) In some 
districts grazing tuny reduce fires and thus assist reforestation, but in 
the Utl'ii'hmik of Guatemala the <lmig€r of erosion seems to hare been 
Lnemi^l I*y clofce praain^, |iL 12.) 

PREO A L.T I ON S AGAINST THE SPREAD OF F1RK3. 

Primitive peoples would hardly bo aware of the limitation* of the 
milpa system or make conscious ciloru to maintain a balance with 
the natural conditions to insure a food supply for future generations. 
Within its own sphere of inliuertce each family chooses annually the 
most promising place for its cornfield, with little or no regard to the 
outlook for subsequent years. To foresee the ultimate effects of this 
policy from the stand [mint of the community and enforce measures 
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uf protection implies a rather advanced state of social organ izntion, 
something that might correspond io the colonizing policy of the 
Incus of Peru, in withdrawing people from congested districts and 
sending them to unoccupied regions 
A precaution observed at tlie present day by some of the Indians 
of eastern Guatemala may have been practiced more widely in 
ancient times. In jjassmg through the district between CVjabon and 
Lanqnin, in the Talley of the Cajabon Kjver* in May t 1014, when 
farm-burning operations were in pmpm, it was noticed that a 
method of lire protection had been applied. Many of the clearings 
wore surrounded by barriers made by removing all the branches and 
dry leaves from the ground along a strip 2 or 3 rods wide, which 
serves to stop the fire at the border of the clearing instead of allow¬ 
ing it to sweep over the neighboring lands* 

The use of this expedient by the ancient Mayas would have enabled 
them to lengthen the period of agricultural occupation beyond what 
might have been possible under the simplest forms of mil pa agricul¬ 
ture. According to Morley* who has deciphered the date signs on 
many of the ancient monuments, the period of occupation of some 
of the Maya cities appears to have extended over nearly four cen¬ 
turies, though others seem to have been inhabited for only a few de¬ 
cades, The nature of the soil b s of course, a primary factor in de¬ 
termining how long the land can be cultivated by any system of 
agriculture, hut Lite making of fire-stops around the clcarings of each 
year undoubtedly would conserve the fertility of the country and 
enable it to support 0 larger populat ion for ti longer period. 

That other expedients may have been used by the ancient Mayas is 
hardly to be denied in the present state of knowledge. Several 
rather specialized systems of agriculture were developed in the 
neighboring mountains and plateau regions, where languages of the 
Moya stock are still spoken. Different forms of ancient agricul¬ 
tural terraces are found in several districts in Guatemala and south¬ 
ern Mexico, none as carefully constructed as those of Peru, but 
sometimes covering large areas, as in the region of Comitdn and 
(koringo in southern Mexico. Terraces, with retaining walls of 
rather rude stonework, are found in many of the mountain valleys 
in. eastern Guatemala, usually at altitudes of 3,000 to 3,000 feet, tut 
some of them as low as TOO feet. In the eastern valleys of Peru 
most of the terraces are at altitudes between 12,000 and 0,000 feet, 
with little or no terracing below 5,000 feet* 

Though the agricultural period might be lengthened for several 
generations by using the fire-stops, the natural limitations of the 
milpu system would be reached eventually. Population would need 
to be restricted as well as fires jf 0 pcriuam'nt balance were to be 
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iDsintuined. Mote people wo old mean frpator presure for frequent 
clearing und planting of the luud, Arcus thnt beemue too grassy for 
cult iv a lion would be eonsitlered worthless, and ptob&biv would not 
I* protected against the fire* There would be n gradual extension of 
tlte grass-covered areas and a corresponding reduction of the lands 
that could be cleared and. planted* Even cultivated lands and slopes 
that have been improved by a regular system of terracing are invaded 
by a coarse bunch grass {Epicamptt} in the high plateaus of Gua¬ 
temala (pL 15, fig. 2.) 

£*EHJODS OF REFORESTATION. 

After a district has been abandoned so that the woody vegetation 
is allowed to grow and gross fires become less frequent, there is a 
gradual return to forest conditions, though the advance of the woody 
vegetation into a gross-covered area is a alow process and subject to 
frequent setbacks as long as people remain to start fires. But even 
the recurrence of fires may not keep the forest from making slow, 
gradual gains at the expense of the grasses. Some kinds of trees 
have thick, nonconducting, slow-burning bark or other protection 
against lire, and are able to compete with the grass and finally to 
overcome it. The fires lull most of the young trees, but a few sur¬ 
vive, with accidental protection of stones or ant lulls. The gro^ is 
thinner around the tree} and the fires gradually become less de¬ 
structive, Finally, when there are enough trees to shade out the 
grass, genuine forest conditions are reestablished {ph 14, fig. 2 ). 

In many parts of Central America it is difficult to find any 
prime ml forests or any that are old enough to represent the original 
condition before clearing began. The forests that are found in 
swamps, deserts, and rocky, precipitous places, too rough for clear¬ 
ing and planting by the native methods, may represent the only 
original growth. Even places tliat are difficult of access may be 
drawn upon for supplies of firewood or for making charcoal. That 
there ore any large areas of truly virgin forest growth in Central 
America has still to be shown. Even in the rainiest districts of the 
eastern lowlands of Costa Rica the clearing of heavy forests for 
banana plantations has reunited in the discovery of abundant pre¬ 
historic remains. r 

During the long ere of prehistoric development of agriculture and 
civilization in tropical America many periods of agricultural occu- 
pation may have alternated with periods of abandonment and re- 
forestation, which would account for the presence of different kinds 
of ancient pottery and stonework in the same districts. {PJ, 9 . j, 
pi. TO, fig, l.) Though the modern Indians of eastern Guatemala are 
much afraid of caves, the ancient inhabitants used them generally as 
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burial places, if not as dwelling, and even constructed artificial cares 
or tumuli, Excavation of an artificial mound of earth on the Sepacuite 
coffee estate in a heavily forested district between Senahu and Caja- 
lajn revealed a core of rude stonework, roofed with large rocks. {Pi 8* 
fig, i) Tim form of construction Is entirely different from other 
ancient walk In the .^ame district, which are made of thin, flat atones, 
not shaped artificially, though carefully kid together. The present 
Indians refuse to credit the idea that the walls were built by undent 
inhabitants of the country and ask, 44 Where could anybody find so 
many flat stones! 11 Their belief is that these ancient buildings, 
now buried Jeep in the forest were the original habitat ions of man¬ 
kind, prepared in advance by tire Creator, u When man was bonu, 
when daylight broke over the earths 

The time needed to complete the process of reforestation in a 
district that has been denuded must depend, as in denudation, very 
largely upon the local conditions of climate, soil, and topography, 
Several decades are required for the growth and production of seed 
by the pioneer individuals, the pines, oaks, or other fire-resistant 
types, the first invaders of the grasslands, and other dtrades* fur 
the more abundant trees that must develop before the growth be¬ 
comes dense enough to exterminate the grass and permit the succes¬ 
sion of genuine forest types to begin. Many kinds of trees that are 
abundant in the new forests, such a$ Cecropia, Castilla, Hdiooorpus, 
Ochmma, and Attulca, are only vanguard species and gradually give 
place to the more permanent types of slow-growing hardwood trees. 
Still more time m required for the flora of the undergrowth and 
the fauna of the humus layer of the soil to lie fully restored after 
the necessary forest conditions have been established* 

By taking account of the succession of types of trees and other 
biological features it is possible to recognire the stage of develop¬ 
ment that any particular woodland may have reached, or even to 
gain on idea of the approximate age of a forest- From the open 
grasslands to the dense tropical forest, with its slow-growing hard¬ 
wood trees, is obviously li long sequence of biological events. A 
hundred years would lie entirely insufficient* and 200 probably not 
enough, under the most favertible conditions. Even after 5 or 10 
centuries the effects of previous denudations might still be trace- 
able by sufficient study of a forest and what it contains^ 

MAIZE FtJtNTTNOS IX UXOTT BUSH. 

Another modification of die mil pa system that avoids or defers 
the danger of grass invasion ut applicable to districts that liave a 
long dry season. It was ol«errod in northwestern Guatemala* in the 
district of Nentou T Department of Huehuttenango, in May, touts, and 
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seems likely to have been used more jEnenernlly in former limes', when 
Steel tools vr re not available. 

Advantage is taken of the fact that bush lands can he burned over, 
even without cutting if the vegetation becomes sufficiently dry at 
the end of the hot season. The dead bushes and small trees that 
remain standing do not interfere with planting, nor with the growth 
of the crop. With the Jim rains that moisten the surface soil, the 
nuiL eu plants shoot up rapidly and are well grown before the sur¬ 
viving trees or bushes are able to put out leaves or new sprouts from 
the roots, As the woody vegetation is dormant at tbe end of the 
dry season, tbe roots are not likely to be killed and the new sprouts 
that are sent up (luring the rainy season are sufficient to shade the 
ground and exclude the dangerous grasses. 

The hot valleys and parched lowlands where the uncut bush gets 
dry enough to burn are not places that would las considered very 
desirable for human habitation, but to avoid the hiltor of bush- 
cutting would be a very important consideration with primitive peo¬ 
ple. Probably the same system would! bo applicable in Yucatan, and 
a passage in Norman's Rambles in Yucatan states that burning was 
“ the only preparation that the soil received prior to sowing it,** 
This related to the country between Merida and Campeehy, which 
Norman visited in April, 184& 

Though planting in uncut bush is even simpler and easier than 
the regular milpu agriculture, it may not be more primitive, since 
the method would not be applicable to orginal forests, but only to 
secondary growth. It may lx; significant in this connection that the 
southern edits of the Mayas in Honduras and Guatemala, in the 
regions of heavier forests, were older than the cities of Yucatan, 

ARTIFICIAL GRASSLANDS AND DEsEBTS, 

Tliat the agricultural operations of primitive matt may change com¬ 
pletely tbe character of the wild vegetation and turn a dense tropical 
forest into an open grassland or a desert is a fact not yet appreciated 
adequately by students either of plant life or of human progress 
toward civilization, I ho biological considerations indicate that in 
its primal, prehuman condition the tropical and subtropical world 
had u general forest covering, and that tropical grasslands are essen¬ 
tially artificial. 

Grosses do not exist naturally in lowland tropical forests, being 
intolerant of shade and unable to compete successfully with the woody 
vegetation. Apart from special local conditions of Baity soil, peri¬ 
odic floods. or fires that in some regions are kindled rather frequently 
by lightning, there is nettling to keep the woody vegetation from in¬ 
vading and becoming established in any region where the rainfall is 
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sufficient for grasses. Tn^, shrubs, and many perennial plants liu ve 
deeper route thun the grasses and are more resist tint under desert con¬ 
ditions. Many regions too dry for grosses supjjort a growth of 
“scrub 1? or open forest With the menace of fire removed and with 
time enough, the forest always becomes dominant and eventually 
drives out the grasses entirely, except from very rocky or broken 
country. The small annual grasses that spring up in the short rainy 
season of deserts axe not to be confused with the perennial grasses of 
more humid regions. 

FA&TORAL PERIODS SECONDARY. 

In view of the biological Limitations of the grassland type of vegc* 
tat ion, wide areas of open country in tropical and smbtropied regions 
should tie considered as genera Uy resulting f res in previous agricul¬ 
tural occupation. In the Old World as well as in the New, agricub 
tnral activity traces bark to the prehistoric period, as shown by the 
wide distribution of agricultural terraces and inegnlithie stonework 
frem the Malay region and southern Arabia to the British Islcs. 
Pustora! Semites overran decaying oriental civilizations in early 
times* much as Borne was submerged in Inter centuries by the northern 
barbarians, 

AH through the hlstnry of Chian we rn^t with the anins> old tale, bucIs os tLi> 
eiperienrefl *F Kjsypt, Syria* ami Persia hove made femttUr* of n nercr^qfUa^ 
ceramet between t ho drauri ntnl the *h»wil * * * China It the tllTei] land. Hie 
hoiur of n aiulcuUnrul nod eoirnnerriui people, with farrow noil viiin^ 

and market tcwzus rid) with ooniHelils, czcbards, rlee field*, planted with *umr 
cane, cottoo, no cl iciiilH^rry, whose rivers find roads swarm witli twic and tbv 
1>W ranjjgetltfctt] of pt-iiceful Indaslry ami irrule. But all through their hw% 
history thin triple hnsbt^ n engaged with varying fortune in an nimnilln^ MrtiE- 
gl® with the wimdcrltiK, pastoral tr[bes Inyond the borders of cultivation: 

* * *- These people gather m the founts editor and hnnst as tho clouds break 

In raln r but they have no eudorlDa form or snbtitauce, From ilr^t io Iilsi they 
are combination* of the ttinie wild, elemental* law]Ew t lent-il welling wanderers, 

* troop with the liulmul strmftb of a fret*, open-air life, who follow thiir flock* 

and herds wherever the is sweet und the water MtlTlrJenE* hut never set He 
down la fixed habitations nnywhere to I com habits of Industry * * * r 4 

In the opening rbapters of the Dawn of History, Myers also hm 
gone further than most historians in recognizing that higher types 
of agriculture or of civilization arc not likely to have been developed 
by pastoral people*, but does not consider that the pastoral state may 
be a secondary development, consequent upon the formation of grass¬ 
lands and ihe domestication of animals in earlier agricultural periods. 
Many of the regions that have been given over to the noumda in 
historic times are known to have been the seats of former agricultural 
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populations. The rich, luxuriant grasslands of the Russian steppes, 
the prairies of our Western States, the South American pampas, 
and the open country of tropical Africa probably do not represent 
original conditions.* 

It seems more likely that the first domestication of animals was 
accomplished by settled agricultural people like the Peruvians or the 
ancient Egyptians and Chaldeans of the Old World than that 
wandering herdsmen should have begun the cultivation of plants. 
Pastoral habits have lieeu adopted in recent centuries by tribes of 
Indians both in North and In South America, using domesticated 
animals brought by settlers from Europe. Among our western 
Indiana horses, cattle, goats, sheep, pigs, and chickens have been 
adopted before taking tip the culture of wheat or other European 
plants, the reason being no doubt that crops require more labor 
than the herding of animals, In the highlands of Guatemala, as 
among the Navalios of Sew Mexico, many thousands of sheep are 
kept by the Inti inns, and wool is spun and woven by primitive native 
methods that were applied in former times to cotton. With horses 
to ride some tribes that had lived previously by agriculture adopted a 
still mure nomadic existence, following the buffalo herds. 

Before the arrival of Europeans animal husbandry was prac¬ 
ticed in America only in the southern Andes, by the people who had 
the most specialised and intensive systems of irrigation ami terrace 
agriculture, as well as the largest scries of cultivated plants. 
{Pi. 7, fig. 1.) The Peruvian agriculture covered the entire range 
of production from tropical eastern valleys to the upper limits of 
potatoes ami other Andean crops, which are grown in some valleys at 
altitudes of morn than 14,000 feet. But still higher slopes find 
plateau districts are denuded and grass grown, and ilmre the flocks 
of llamas and alpacas are tended and sheared, like sheep and long¬ 
haired goats in Mediterranean countries, with the mole llamas 
serv ing also ns beasts of burden, like camels or donkeys. 

In thus combining animal industry with irrigation and terrace 
fanning the agriculture of the ancient Peruvians was closely parallel 
to that of the early dynastic period of Egypt, and to the system in¬ 
troduced by the Sumerians into the Persian Gulf region. In America 
many stages of development can be truced, leading up to Hie Peru- 
vian agriculture, whereas in the ancient seats of Old World civitiza- 
tifijt ^agriculture appears abruptly, with no provenience recognized. 
If Egypt and Chaldea represent the taginning?, as usually sup¬ 
posed. agriculture in the Old World would seem to have readied 
all at once the highest, most specialized stage of development, with- 

'Bu*w. W. ions, Die IVrlmUiwhm OrTtihrnrn.ir lm TWfilixlieti AMU. Ihr Kluttim baT 
die Vrjr-Uium one ibPF Ilrth-Uiau* our die tamlMkottiir. Wlttle. am rfrn Dmnan 
Ef-riiialirtMrU’n., SI: % 
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out passing through the stages represented by the more primitive 
ngricultural civilizations of tropical America, 

But the effects of agriculture can be considered apart from the 
question of origin. Budge, Breasted, and other archeologists now 
recognize that originally the Nile Talley, with its oinitial floods, was 
a succession of well-nigh tropical jungles and swamps, inhabited by 
elephants, hippopotami, and crocodiles, and the Valley of the Eu- 
phrates seems not less likely to have been wooded. Certainly south¬ 
ern Arebia and Palestine were not naturally treeless, nor other coun¬ 
tries around the Mediterranean. Since the milpa method of cutting 
nod burning is the only way of clearing woodland for agricultural 
purposes among primitive people, it may be supposed to have been 
used m western Asia and the Mediterranean region, as in other parts 
of the world, until the forests were eitormitinted. A chronic scarcity 
of timber in Mediterranean countries during the historical period 
may be considered os a normal consequence of earlier agricultural 
occupation, in the prehistoric age. 

PERMANENT ANT* TEMPOltAtir SYSTEMS. 

Milpa agriculture as a system stands ns in contrast with tiling* 
agrirulture, in which plow's or other implements nre used to break 
the land before planting and crops are cultivated during the period 
of growth. From our standpoint of familiarity with tillage methods 
the milpa system appears not only temporary but highly destructive 
and self-limiting, since the growth of greases may render the land 
useless in a few decades, liven the liest land cun be used only at 
intervals, as long as dependence is placed entirely on fire as a menus 
of clearing the soil for planting. With milpa agriculture the ques¬ 
tion of permanence hinges entirely on whether there are many people 
or only a few. Milpa agriculture is a permanent system if the in¬ 
tervals between successive clearings of the same land are very ion* 
and the forest has time to restore the soil to its original condition. A 
few people can live indefinitely in the same region, but limits are 
reached as civilization advances. 

The essential inferiority of the milpa system lies not so nutch in 
its Jude of permanence, since this would he secured if a proper bal¬ 
ance of the population were maintained, hut in the fact that the 
carrying capacity of any region must remain very small, only a fifth 
to a tenth part of the lamt being planted at the same time, even 
with a well-orgnnired milpa system. Tillage methods have made it 
possible for the more progressive nations to maintain larger and 
more centralized populations and develop higher forms of riritiza- 
tiom Nevertheless, it is not to be inferred that tillage agriculture 
is essentially permanent, or that it is preferable to milpa agriculture 
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under i l 11 cireimistAnces. Only a few regions of exceptional natural 
fertility afford illustrations uf peiTnimenf tillage agriculture, like tin* 
slopes of Vesuvius thy Valley of the Nik, anil the plain of ihiunin, 
coat of the Jordan^ where a loose volcanic soil has borne rich harvests 
uf wheat through many centuries. 

Little of permanent, constructive improvement of natural condi¬ 
tions can be claimed except for the irrigating, terrace-building 
nations, and only one nation, the Japanese, has hud the wisdom to 
maintain its forests T and yet lias made great extensions of the urea of 
cultivated lands which originally must have been very sin all. Tillage 
in most places has to lie supplemented by some in vans of preserving 
or increasing the fertility of ilie mil t as the rice-growing nations of 
eastern Asia so well understand* In northern countries the keeping 
uf domestic animals has contributed enormously to sustain crop pro¬ 
duction, but in many tropical countries the methods nf temperate 
regions are not applicable and new adaptations are required* 

Conditions o re found in many tropical countries where our methods 
of tillage agriculture prove, more destructive and less permanent than 
the mil pa system. On sleep slopes or on lands that do not resist 
erosion, breaking and stirring the soil may result in serious injury 
with the first heavy rain, or gradual surface erosion may leave noth¬ 
ing but a sterile subsoil after a few seasons of tillage* Thus it is 
possible for lands to be destroyed or seriously injured by wrong ap¬ 
plications of tillage systems even more rapidly than by mi I pa agri¬ 
culture. It may even be claimed that the inilpa system 5s> more jier- 
manent since it can be continued indefinitely If the cuttings and burn- 
trigs are not too frequent, so that grasses do not become established 
in place of the woody vegetation. 

The newcomers theory of tropical development is that all of the 
difficulties urbe from the failure to adopt the northern crops and 
methods* The tropical crops are* unfamiliar and (lie lands appear 
uncultivated. No plows, harrows, drills, or cultivators are to be 
seen, perhaps only a few people, working with clumsy hoes or hack¬ 
ing the bushes with long knives, appearing so strange and casual that 
any backward condition is likely to be ascribed at on m to the out¬ 
landish methods* The idea that tillage methods most bo established 
in order to improve tropical agriculture is so nearly an ottte&Eaon 
with people from northern countries that little corn!deration hm 
been given to other possibilities, such inf the intensive utilization of 
tree crops by methods that would maintain or increase the fertility 
of the soil and avoid unnecessary labor, 1 

That tree cro|i£i were not much used by primitive peoples is easy 
to understand when ihe temporary, seminonmdk ehameter of the 
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system is taken into account. The tree crops usually do not 
Iterome productive for several seasons and require an investment of 
labor not likely to bo made among tribes who do not have private 
property in land, or other assurances of permanent tenure tlicet are 
the basis of agriculture in northern countries. The only tropical 
tree crop that ^eems to have been cultivated systematically and mi n 
large scale in ancient America was cacao. The native plantations 
of cacao in Guatemala were compared by an early Spanish writer 
to the vines and olive trees of Spain. Cacao was grown u« a sub¬ 
culture under leguminous trees called “mother of cacao,” and the 
Game method is still applied to cacao and coffee in many tropical 
countries (pi. I I, fig. 1), Instead of forming artificial grasslands and 
deserts, mi ideal for tropical agriculture is to develop artificial for- 
tsts that not only will yield food or other useful products but at the 
same time maintain or Inrreuse the fertility of the soil, 

SlfttMABT, 

I4U1TATJ0HH OV NATIVE ACJlltOUI.TtTEE IN CBJtTHAI. A MM ICA. 

Milpa agriculture, the system that is used generally by primitive 
peoples in the Tropics, is based on the cutting and burning of new 
areas of forest each year, in order to dear (he land for maize nr other 
crop®. The milpn system is adapted to sparsely inhabited regions, 
with long intervals between burnings, but has definite limitations in 
populous districts. If the land 1$ burned over too frequently, not 
only the forest trees but all other types of woody vegetation eventu¬ 
ally are exterminated. Perennial grasses become established, which 
render the land useless for agricultural purposes. 

Replacement of »U the forests of a tropical region by grasslands 
sets a natural limit tu u period of agricultural occupation under the 
rnilpu system, because the method of clearing the In ml by cutting and 
burning is not effective against grasses. Every extension of the 
grass-covered areas means that more land has become uuproductive, 
and eventually the food supply becomes restricted. A district that 
may have been able for a time to support a large population may be 
entirely denuded ami completely abandoned as a fire-swept waste of 
grasslands. This condition continues until a period of reforestation 
has intervened to exterminate the grasses and renew the soil so that 
the land can be cleared again by burning and reoeenpied by agri¬ 
cultural people. Many tropics! forests are found to represent not 
truly virgin growth, but various stages of reforestation, which re¬ 
quire a long period of time. 

The limitations of the milpa system nod the resulting periodicity 
of agricultural imputations tends to be more definite in districts oc* 
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ST 1 1 *T an<l m T ,uham:ed "mmunkiw, l W a, is * denude* 
tiuti is more extensive and complete. Larpe Indian towns in ( 'emrut 

Aineru^ ere surrounded by belt* of deforested gnmlz nds. and many 
bnS h CKntCrS ° f ftt,deat ^M-tions «re now uni/ 

Assume that the ancient people lived under the seme condition, 
fcrt* the some crops, anti used the same system of agriculture as the 

Z":r P T?? { **"* ti01fiS * ;t * roa^nnhlo £ infer thl he 
SSTT **"*■*■ “* *n«tai« were the » in the 
pa t ns ui the present, and that the same difficulties were encountered 
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relit i vi!iv J ]nr,! ? i n, °; niint,nts of Central America show that 

tati.ms of must have existed, and limi- 

lattons of the native system of agriculture may explain wliv tk, 
annent centers of population were abandoned 3 ““ 

«ivm£Z 

the primitive mil pa system. Although euMwitinn ;« 

,j f |*nnaneni agriculture aiul more intional di-trihn- 

tlon °i P®P«*»tWM *ro problems to be faced. A^in.k,,,! : ^ 
root of cmluntum, and the plant withers if the root decays. ° 
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2. Indian Carriers between Tactic and Salaka. 
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I Indian^ Planting Coith in a Milpa, not vert well Burned, in 
Eastern Guatemala, cajadgn District. 
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PLATE 3. 



L Dense Tropical F0ttE5T os SuastnAniM of Solio Limestone Along the 
R lO Dyi.ce. EASTERN GUATEMALA. 



2. Tropical Forest Along Pouxhic River, eastern Guatemala. 
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Plate 7 



I. milMotk n^ulFunil twnw’t* OftmUjlMibo, \n wikem I-mu. Aowtuf Hm uwMi 

«M ft u - , 'n Kl ‘" t ilvnbptiMiK uf apfe-uHitr** ui i l«y ellfcr titraim Iruu i*ir- uulr>A 



^ Qi liitb iH'VmwiL vlib J^*rt Vr^btullnu. 










SmiihiOfilin ftaport t 1919r—Cs»k. 


Plate &. 











Smith Rupert* 1^1^— 1 


PLATE G. 




|kJL. tn-S lining iiMl £iLa? r iu N y i a filar*. 



- LiiiLi l*l HradtU* in tlw 1 abli-lstf ^ «.r Goal c nuila, wH«Uii ih* pjmmidi of aniMFU <juk-hd. 
" , rfll aciiLlJv 3:^1 w|lh rn.;:h a!u-f Lkh L- « Su. ifc hiVn Imeil n rikfcvnj L« IjULM ltk; Uiudi.'taL iiLy, 
Tbt imm* 4LUL-tiii menffu bfW> ihoygji. jjq fcrati am kll In ifiia xrtfiQCL 












SmHhftfnmfi npjind, 1^19.—CopV r 


























Growth under Natural Conditions, 






SmiMncftEan Report. 1919 .—Cook. 


Plate is. 

































Srfiltfl»rr.tifl 1919.— 


PlATE 13 





oXirf honiiai ul frffipi l '* stl|l S* 



l>rr Monf Mad ™nh unlltM vt*r:«itan Svckar hr Iwm^A “rft 

' %^'tn j!or Hi -nuurin* ^r^Ul >■'? Hi In ifo irft rtgn w rtld * UUirLl ul bciFcy, 

LiL^nd *f UdtL 


















Srh43ftinnlttn fiapart, COgk, 


Plate 


1 “ ^JssaaBSsasaf’ •"--*•»• 















Smlltoaonliin tflflr-Cfiok. Pute 16 


* 




. i'lL^kUjiik, All4 V>.fEi Ttiz^ OujilciiLiilii jh(miiLjT|idvHikC(>l »I[kkii £ Taitbw svvftsn of cuIILvdIElui Lil lij^dmuln of 

uf t^gmnlkyi with tmi*™. growth., u Li_bi L-mnlii* jsr-jr QLiMJd^nnnEn', Jnvo'Unl 

by h-uibrb grasa (UjifcoirajHaJr 


















OX THE EXTIXCTXON OF THE MAMMOTH. 


By H. XriTT TTTJ 1 - 


r With S plax«L} 

One of the most widely believed assumptions of general biology 
h, perhaps that the mammoth was specially fitted to withstand 
severe cold. All the authors—paleontologists properly speaking, 
geologists, zoologies* * even students of prehistory—who have had 
occasion to write about this witness of the earliest ages of humanity, 
agree on its adaptation to n cold climate. And it is surprising the 
weakness of the arguments which nre brought forward, a weakness 
which is imperfectly concealed by the great word “ adaptati&n 11 too 
often used, os whs done in the past, with the ' v h't\i£ dormitiva^ and 
as is still frequently done with formula of the same kind. 

On this foundation* regarded as indisputable, of the mammoth's 
adaptation to cold, have Im'n developed numerous courses of rea¬ 
soning, all of which are primarily concerned with reconciling this 
power of resiMnneo to cold with the brutal fact that the animal 
which wts snipped to have benefited by it disappeared, while oilier^ 
placed under identical circumstances, survived. 

The study of the frozen remains of mammoths found in Siberia 
nnd that of the environment in which these animals lived p remnants 
of which are preserved along with their own, have furnished numer¬ 
ous and interesting data, which are, however, less striking than the 
things imagined by scientists. The vegetable remains found with 
the mammoths throw some light on this question of environment, 
without, it appear*, being sufficient to explain it clearly. Even with 
regard to this subject there is material for controversy, Hu worth 
admitted that the fauna and flora which give this northern environ¬ 
ment sis character arc mixe d with Mediterranean element* who^c 
presence complicates the problem . 3 Eeid asserts positively that the 
plant* found with the mammoths are not characteristic of n cold 
climate . 4 One fact, in any event, is clear—the Siberian mammoths 
shod in an environment which whs cold enough for thy remains, 
frozen at the time of death, to be preserved after a fashion to our dav. 

Admitting that these proboscidians were especially re* bunt to 
cold, it was necessary to find causes able to overcome this resist since. 

1 TYftSiiaWd. with permliilam hj limit £. lUller* Jr,, fr*ra Amlh rap^sl*. Julj. HUB, 

*G*a]offlcSiS H, 31(k ISfll_ 
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The only explanation which at first sight appears satisfactory in this 
respect is the one offered by sueh writers ns Cuvier and d’Archiac 
and brought up again by Howarth; it consists in admitting the ap¬ 
pearance of sudden and intense cold sufficiently severe to have ktllad 
00 the spot the mammoths as well as some other mammals, one of 
the best known of which is the Rhinoceros tichotMm0 , mid suffi¬ 
ciently persistent to have preserved the bodied As this assumption 
of sudden glacial cataclysms rested on other arguments than the dis¬ 
appearance of a few animals, it resulted that the hypothesis relative 
to this disappearance Income an essential part of a general theory 
regarding certain large geological phenomena of the quaternary 
Ileriod—transportation of bowlders, deposition of alluvial material! 
etc,—-a theory essentially admitting a diluvial catastrophe in one or 
several acts,, accompanied by an intense cold suddenly spread over 
vast areas and producing there a group of phenomena one of which 
would have been the brutal extinction of life, at least as concerned 
certain mammals. 

At present no one sustains this theory, so far as I know. As to the 
mammoth it is admitted that, while being able, tJumkn to it* thick 
fut\ to withstand cold, the animal succumbed u because the invasion 
of dry cold killed off the vegetation which supported it ' 1 (do Lap- 
parent). Going somewhat further into detail, it has been admitted 
that the mammoth could have inhabited Franco, England, and Ger¬ 
many during the prevalence of a cold and humid dimate (de Lap* 
parents second Pleistocene age), which permitted the existence of a 
vegetation sufficient to feed it. but where its extinction was the work of 
man (Reid*), whik in Siberia it might have been the victim of 
the lack of food brought on by the increase of cold, there being noth¬ 
ing to prove that the extinction was simultaneous in the various 
regions where the mammoth lived. 

These explanations are not convincing™ 

In the find place, it is difficult to admit that the extinction of the 
mammoth could have been* in any region whatever, the work of man 
any more, for that matter, than the work of wild beasts. Like the 
elephants of the present day, the mammoth could not have known 
really dangerous enemies among the beasts of prey; ami* just as the 
primitive hunting methods of the African natives have never, it 
deems, been able to bring about the extinction of the African ele¬ 
phants those of the hunters of the stone age probably never caused 
the extermination of the mammoth over the whole of any extensive 
area, 

* rtaakitk*] Bii£Tud&*. voi 0 r Ji. 44 . Iflsa, 
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Vastly more acceptable is the hypothesis of a diminution in food 
supply* As ficorges Pouchet says* the struggle is much more be 
tween the herbivore and the vegetation than between the carnivore 
and the herbivore. However, with the frozen remains of Siberian 
mammoths and rhinoceroses occur the traces of » relatively abun¬ 
dant vegetation, the presence of which Mr* de Lnpparent has ex- 
i liiined by admitting that the Siberian climate was thou more humid 
and more oceanic* a fact for which he supplier a geographical ex¬ 
planation: the same author recalls, moreover* that in spite of the 
severity of the clminle and the meagerness of the pasturage immense 
herds of herbivores exist on the high Tibetan plateaus It should 
be noted that at that, time the Siberian vegetation was arborescent 
up to the seventy-fourth parallel (von Toll: Liakhof Islands) and 
that arborescent vegetation is precisely the kind which suits pro- 
boscidinu* according to what nature now leaches us.* The coin¬ 
cidence between a lessening of the food supply and the extinct ion of 
tffcv nnmmmttis therefore remains hypothetical, and the very authors 
who explain the latter by the former furnish arguments against their 
own hypothecs. A progressively aggravated stringency of food 
might have contributed toward the degeneration of the species, to¬ 
ward levelling the number of it* representatives and finally tn if* 
disappearance; but it is impossible to admit* at least without falling 
back on the assumption of sudden cataclysms, that the mammoths 
allowed themselves individually to die of hunger on the icy ground 
which preserved their remains. 

h is not exaggerated to conclude from what precedes that the 
question of the causes of the disappearance of the mammoth re¬ 
mains open, lioth as to the general extinction of the species and as to 
the very numerous individual eases in which death took place under 
such conditions that the corpses wet® immediately frozen. 

It w[i h without the idea of solving this problem that I undertook, 
a few years ago* the study of the integument of the mammoth. 1 
had previously familiarized myself with the anatomical study of the 
elephants* The laboratory of comparative anatomy nt the Paris 
Museum having then received a very well preserved piece of nmut 
moth skin, 1 made sranc histological sections from this specimen* 
Somewhat inter Mr. Boulc kindly assigned to me T pro jjarte, the 
study of the mammoth which Count Stenbok-I-Vrmor had jus i pre¬ 
sented to tlie laboratory of paleontology* This was an opportunity 
for me to examine more closely the q nest ions relating to the mam- 

* r :l eEi> - Wild Mini e ■■li'jibunt* lilt brrhap!, Imt Uw itipl*' «.f Uad r dM r^tnj^n of y&gntf 
bran r ft-"* pen! ihmli ; Ibui. h[h'ti fore *is ur blgb l.tgali fa whl^h e ti \ * i y fpa eottljr Jtbaut 

i. ill Ami tbi|r f*iiui n tc r t.itb wamu dfiff.-nfoctM brlw.-i u ih*- i Li siliiiiiti of Af rl- q mid ib ■■■■ u t 
Asia, nnf(* Mini me ^r.ftrrtd. 
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moth, and the renders of I’Antfarupobgie are already ocqrainted 
with the investigations which I made with Mr. Guatrelet regarding 
the blood of this animal. f 

The results relating to the in tegument appeared to me especially 
instructive. They present fuels which are Incompatible with the gen¬ 
erally accepted opinions regarding ad n plat ion to cold which 1 have 
alluded to alcove. I shall merely recapitulate the essential points 
about these facts, referring, for more details, to two previously pub- 
1 1 shed notes. 1 

Plate 1 represents the piece of skin received by the laboratory 
of comparative anatomy. It is easy to distinguish two kinds of hair 
which I consider* * without going into the discussions which have 
arisen relative to the distinctions to be established m the hairy cover¬ 
ing of the mammoths. as representing merely brhtl^ long and 
scattered, and a very dense nuderfur* fine can also sec the thick- 
ik*:s of the drrnuR, forming a bacon like layer- 

To understand the meaning of these conditions it is necerarj to 
compare them with those presented by the elephants which live in 
the tropical zone and for which there cun not 1 any question of 
adaptation to cold. Plate *2 allows the essential characters of the 
skin of the elephant*. Few hairs are to be seen; abundant on the 
young, which at birth is covered with a uniform down sufficiently 
sparse so that the grain of die skin remains easily visible, it after¬ 
wards becomes less dense simultaneously with the diiTemitinting-of 
the bristles and underfur. Without ever forming a thick fur. these 
hairs are often much more numerous on subjects living in freedom 
than the menagerie elephants would lead one to suppose. The 
dermis is here quite as thick and quite as baconUke as in the mam¬ 
moths. 

In the skin of the elephants, that which especially strikes the at¬ 
tention is (he warty chamcier of the epidermic While the epider¬ 
mis of the mammoths is almost smooth, that of the elephants, both 
African and Asiatic, is very coarsely rugose. The dermal papillae 
of these latter proboscidians are covered with a strong epithelial 
con ting in which the corneous layer predominates, and each papilla 
retains its individuality in ouch a wav that the cutaneous covering 
apiiears shagririoiL^ or, rather, definitely warty; this aspect, more 
or less pronounced according to the regions of the body, is not vet 
present in the new bom, in which the grain of the skin appears 
to lue exactly like that of the mam moth, but it afterwards becomes 
steadily more accentuated. Piute 3 cxpkrim this structure. I have 

* LVlalhriwototf*. 2rt, P 1015 
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called attention to the nature of the*** fuels ns it appears in the 
light of arm to mo-pat hulogicnl comparisons, which alone, it seems 
to me, permit an understanding of its meaning; the skin of the ele¬ 
phant forma a vast corneous papilloma, which first appeared, ac¬ 
cording to all likelihood, as the result of the action of the irritants* 
inherent in the environment in which the elephants Jive, and favored 
hv a special character common to elephants and to the mammoth, 
namely, the absence of cutaneous glands, T have best no mure able 
thun earlier authors to find either sweat glands or sebaceous glands. 

There Is no reason to believe that the degeneration of the hairy 
covering in the elephants has been accompanied by or even could 
have Ixjen caused by the previous disappearance of the sebaceous 
glands, whose presence is regarded as connected, except in very 
fare instances, with that of the hair, so much so that those glands 
nra even regarded os appendages to the hair. Ou the mammoth, as 
well as on the elephant, the hair occurs without its accustomed annex, 
the sebaceous gland, and if the hair of the present-day elephants is 
very sparse it was, on the contrary, as highly developed us pos¬ 
sible in the mammoth. Hence, there is no relation here between 
the diminution of the hairy covering and the disappearance of the 
sebaceous glands. For further details on this entire question. 1 refer 
to the two notes mentioned above. 

We have, therefore, two animals very nearly related zoologically— 
the mammoth and the elephant—one of which lived in severe climates 
while the other is now confined to certain parts of the Torri 1 Zone. 
The mammoth, it is said, was protected from the cold by it- fur 
and by the thickness of its dermis. But the dermis, ;ls 1 have said, 
and as the illustrations prove, is identical in the two instances; it 
would therefore be hard to attribute a specially adaptive function to 
the skin of the mammoth. The fur. much more dense, it is true, on 
the muuunotlis thun on ruv of the living elephants, nevertheless is 
present only in a very special condition which is fundamentally 

• Tiio Jtifihrfli], thtf iMtrftar part of Ihf tmoV, nteil th* tower part th■> Ei-gfa pLOw thlsi 
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identical in all of these mammals. l-ct ns examine the consequences 
of this special condition, consisting, I may repeat, in the absence of 
cutaneous glands. The physiological function of these glands is very 
important, 19 It is superfluous to recall that the sebaceous impreg¬ 
nation gives the fur in general its isolating properties and imparts 
to each of its elements, the hairs, an impermeability, thanks to which 
they resist with a well-known strength all disintegrating agents, and 
notably those which are atmospheric. Everyone knows to what de¬ 
gree the presence of the grease produced by the sebaceous glands 
renders wool resistant and isolating, anti to what degree the total 
lack of this fatty matter lessens the quality of woolen goods. Com¬ 
parative anatomy gives, moreover, some instructive information ns 
to the part played by this impregnation. Mammals deprived of 
sebaceous glands are very rare; the two-toed sloths {(’holotpux) 
of Central and South America and the golden moles of Africa 
{Chry&GcMori*) are in this condition; but it is well known that the 
sloths are particularly sensitive, even in their own country, to cold 
and damp. 

The very peculiar fur of the mammoth thus furnished only a pre¬ 
carious protection against cold, a protection analogous to that enjoyed 
at present by a few mammals of the tropical zone. Its dermis was. 
it is true, vety thick, but no more so than that of the existing ele¬ 
phants. It appears to me impossible to find, in the anatomical exam¬ 
ination of the skin and pelage, any argument in favor of adaptation 
to cold. Tt has been thought that the reduction of die curs, thick 
and very small relatively to those of the elephants, was the result of 
such on adaptation; and indeed this character might be so under¬ 
stood in this sense; surh large and thin cars as those of our elephants 
would probably be very sensitive to the action of cold, But it has 
a bo been suggested that the fattiness and the peculiar form of the 
tail in the mammoth was an adaptive character of the same kind; 
however, it is to the fat-rumped sheep, animals of the hot regions, 
whose range extends to the center of Africa, that w« nmst go for mi 
analogue to Ibis lost character. 

It is, therefore, only thanks to entirely superficial comparisons 
which do noL withstand a somewhat detailed analysis, that it has liceii 
possible to regard the mammoth as adapted to the "cold. On account of 


“II U Bti-ri-lf lo munllou ihm A f[ ,>nlln s to tb* i>].]nk>n now ihm 0/ 

l no*, (h* effect "HI'' “•«*■«» 1- I® luWatn th, fur. Hu,. protKlin* U .liKlni ™, 

cd that of Ihc •««! In Lo Bit ibr -eLiornU, with «„ „lfy prolfcUnfi ll tZ, 

nihilist desiccation nnd dlsln tc*™ t to n , [„ reality the d.ponlt of oh tlo T 

U* * «“VT l» '« tlw honan -port™, cpwiitlly | n rm>ltt c*»c, of ,1 

which Jl I*™*.** eicownyr. roairthutM »l*n to Uk' protwUM «[ lh,. iBUwnmchl T n ,l» 
B™ 1 of *' hnnl 01111 to- mlj folly IniprcuhAilor, or Iho epMemli |, (hlt h 

ton,,,, from the Action of the cells of its i.pLiknnl. itbUt; tW» nrfko mnaJni. 

T *W »J*eicl »nd very limited. u>d the nWuc* of lb, E j B o,]„[. r ■ertUoa. rut/ihr 
*lln hi a rairftttlnti of lew Vrl[ known In aunuu u,Uvxy. 






EXTINCTION OF THE MAMMOTH—NBUV1LLE, 333 

the peculiar character of its j'duge the animul was, on the contrary, 
at a disnd vantage ill this reflect, 

Still other causes of inferiority ran be assigned to the mammoth. 
One of them ia the peculiar character of the tusks. Usually very large, 
urn of proportion even, these tusks showed most frequently, it ap 
penes, such an accentuated curve that in many individuals the tips 
were so directed (backward or sideways) that it is not easy to see of 
what use they could have been: rather than efficient weapons they 
appear to have been only iuetunbering accessories, * 1 11 * 
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OiTlioNti sqcuntlran qre tb-'L* inaka for rilgglng auporff■'tally - T da not lwll**o ihAi they 
ran an* I bum ne ImpkEn^bt* for fore In k b ibruUEb the foreata. It Ih Ira** that 

dcimeg Llea ted d^phanlLa urn: Ehrlr Hwiy, irhcn tbc-y are long euirii^b, for n-rialn ta*ka; for 
t-ianiplo. for tn-fllfipLciK t& rml>^ np a l^ncu which In lyln* oh |br tffOuftil and whlrh thi'y 
then Hldme wtib ifcu-lr fftmll, but It l» dlUkult lo me* or what ^Trlee ljs*y nokld Im^ 
aini.lnwf trrri, WbfD ulopbainE wlabi h to t-ear away dr break a itrath ^r « tr*T, Jf bb 
trunk Ip not unHlcknl b* appllew hia furehrml or i-houLder (npc-rLallj the forebead) tu ihf; 
nliffEarli 1 . h nil L«*anlri f ajfnlait It with iiL3 bL* weight h* met* up>->a it mar* etfloareoqs]y man 
hj atrlklng with tbo rather frftgll* Enaki and jutmliig the rtub of lireaklug tbi'in. It t* 
we El to recall a l*o that, ul'thoup'b latliard to waDdf<r v rl*pbuia BorauEly, at btit^ fallow 
regular rhUba wbleh are not only it'in ir kur of liru^k by tin, Ir run*taut rnit vihivh 

piWBt in I be dry «?ftWh a remarkably lorded (iff upprarihre, atarqpret a fl they are hy |b*- 
bread fret cf fh#*^- glEuntlr udLdibI^. (I but* jti iplnd fijs^fllally tI m- AMraii clrphacil.L,) 

yjnirnt it Hnaatfaifla hapfKri* that i-n pbaot I mk a nbnw anqn»|l^i or curvature nupi* of 
wbb-h aiLffg- pi tb'-**e that wire aLjwd by Ib^* maiumoth : t b*Tr fignr-il par of lhH kind. 

1 M dr lEnthnirblld *1 II. fr*uvt£le r Knr une d^Ut d'orlgEni.* ^nEicmatlqu*. Arehlrei d* 
Zufilogln n^rimciLtale, voL 7, l£K)7 r j\ ?Tl 333. PI. XXII-XXJV-I In I bn tuaBumnlba 
Btanill Imrleii to iHvr^pir tb* rule, ntul thlp parbflpa tMH'auiH; Of I be abflwricw or mrlly of 
tire-* Ijrnr 1 imiytfb to n*rr* for tbu wearing down pyoma which I hare tje^rlbrd abjye, 
llpg front thU lant orgumrot w i-aji tun dadUre any proof a* tu Ih* rharanur vf the 
vogrlatLoD : If 1* n. i-r- il that 1 In SSIhdrian mammoth a llv^l In ib>- uiMtl nf tn«;a of a 
f.Urly large ■l*p‘, blrcli-i ■ for IddEaqi'--, Jind a (flow tuiy l«* wh on ibelr 
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Others are characters which I believe to lie imperfectly known up 
to the present and which I a in going to mention briefly. If the 
nniiiimnrh did not show the keratosic reactions which give to the 
epidermis of the living elephants its truly characteristic warty sttric- 
ture, the skin seems none the less to have undergone some reactions 
of the same nature, which were, it is true, strictlv JacaltMd. and 
which instead of constituting an adaptation—that is, instead of l^ing 
of utility—were to the highest degree in a deprive, Tileaius had 
already observed in the mammoth of the St. Petersburg Museum that 
the soles of the hiud feet appeared “ns though dilated and crushed 
by the weight of the body so that they came up over the edges of 
the feet and covered them,” and Cuvier, from whom I am borrowing 
this citation, 1 * alludes pertinently to the fact that there was “ soinr" 
Uiingof the same kind in ihe elephant of the menagerie ui Versailles 
described by Perrault.” As a general rule the sole of tlic foot in the 
elephant tends to tve turned up behind so as to form a slight rim on 
the side opposite to that which bears the nails. This character may 
become abnormally prominent in individuals living in menageries 
According to Perruult'e description and figure » it appears that such 
wioi the case with the one which he described, and it Is interesting 
to see that "something of the same kind” may be shown by a 
mammoth. 

I have observed at the periphery of the soles of the hind feet of 
the mammoth presented to she museum by Count Stenlwk-Feihrim 
not merely simple runs but horny excrescences forming as it were 
supernumerary nails and resembling nails so perfectly that it might 
be relatively difficult to distinguish one from the other. I have 
idEo been able to moke on an Asiatic elephant that had lived in the 
menagerie of the Paris Museum an observation which corroborates 
that of PemiUIt, and which allows mi- to assert without hesitation 
thuL these anomalies of menagerie elephants are of the snrno duir- 
acter as those which were shown by the mammoths.'* 

*"■ ttat f tnT# 

Tn ant "rent U>« Inli of ihr ainmntollii oonld a„ t ha™ h,.,*. i * 
arecworlM that won- oorr la n ra l ¥ riu c than i f , h A , ' ' mK * ! * «**»« but 

dt'ccm-wtao flu* hrrarllhiteaii, tnual Imte b« D UJnrlnhJ JrtJ ut rr “ 1 

111" tiwmtlsD or tilt ipwJrt ■ lomnettB raUiur than farorabh- to 

o£r!r ,, . h ‘ *■ 1115 =■ i'- “M* iss-i 

«I* iK-riull-jB unutotuliin,- J'nn f If pliant jj, ' . 

w™**- ™Upt4 ItH, pp. 01 -| BO to, Ac*a4mlt foj«Ja Aw 

" litre a an Id I tttltfJ | mm, njjf, a **■ lg >' 

nlalH'd hj th, T“i j«t t*|ip.ti,ihf ' * '1*® ftmia of coci],mt 1,-iq fu,_ 

La tlidiu animal* Ui.- bnnhef of it— .n- , , 

It la rliMlt, hut lanrmt, to u, that ih> am™, .1 5*®“* tmiUdittl TCjillom. 

f,- t and lime on Urn Ldml fret, *hl]<- tV Asiatic ,Lei,h«uM,a h’ii r *^°* ° ,n th * 
four hchlml. Tinsi* iri[inl„ ri arc iimt ohih.m I’mnm-JjiHv o il '[ '/ 1,1 ,r " NI and 

known lima lta African aMifcntr. |h,re ia, t, ' L ' *l*Phani; hr tier 

lafmr.1 am) eve brhlbil, .-alrarj to rhr pycrellj h*™, 0r nt, ‘- W font 
edition of Umm quit* to the aitJu. Ma*wbd mi ibej U *' t nuIltln * ,ta 
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The presence of the rims or horny excrescences which thus <mr- 
rotinded the soles of the hind feet of the 1 utter |jrohosciduuts t espe¬ 
cially when developed to the extreme degree shown by certain indi¬ 
viduals, must have peculiarly interfered with walking, even on nearly 
bare soil, and must have made it practically impossible on ground 
covered with brushwood. There is a great difference between these 
conditions which may, I think, be called unhealthy, and the adaptive 
characters shown by certain ungulates which habitually live in 
marshy regions, LimMtragu# t for instance* For the mammoths this 
was a cause of weakness which it seems to me necessary to point out. 

In view of the group of conditions thus enumerated is it still pos¬ 
sible to regard the mammoth as having undergone a process of 
adaptation conferring on it a special power of resistance to the hard¬ 
ships of a habitat under a glacial climate# I do nut believe so. 

If it had Ijccu able to flee before the invasion of the cold and to reach 
temperate or hot regions, perhaps the mammoth would have survived 
like tho present-day elephants* of which it shows itself to bo in 
general such a near relative* But it probably did not have the 
faculty of adaptation which we sec existing in the elephants and of 
which we can analyze some important details. Not having !>een able* 
for reasons which I cun not trace, to leave the regions which had 
become particularly inhospitable to it, the mammoth was perhaps 
subject to the effects of an alimentation made more and more difficult 
by the gradual depauperiiatiim of the vegetation. In any event, it 
was subjected in a specially inexorable manner to the attacks of the 
cold against which it was ill protected. In a general way this cold 
must have caused the species to degenerate: moreover the individual 
accidents which it occasioned could no! help being frequent. 

Attempts have been made to trace in detail the causes of death in 
some of the individuals found frozen. Traumatisms occasioned by 
falls into crevasses or by land slides certainly brought many of 
those individuals to their death* The Beresowka mammoth pre¬ 
sents n good example of this: multiple fractures with vascular rup¬ 
tures and extensive hemorrhages the whole seeming to indicate u 

- --- m _ t . 

l* parllctilttrlj mwlLrjiMr Co lb* BdpflrimtHefiifS nail* whl •■'h I be »Italian e r.minJm-Ji hbom 
ah wdE ni Ibi' ULnminulb Thi* >:bfHcrlpi Iru, mU* ftiJr rLE« ■ I. l-v iN rruuH !■ rerf loAtriirMw In 
(hi< n-spaK't. TLb YpthIIU'i ■ k[.]L,LD? (from tfc* Con^O ufttwta mch p**»u iJfl-u&Ktwl 

FTFCM* E-b-^ Iliitliifi a tfUtfUi Uf lu ELi IncbifH elBIiL (wUlJ Ip g Trn ckUi (unJjLuu." J1 ]f Wak 
nfi-CMflarj/' Vtmvlt (Libia, 11 tti I4W sja^tn oft, the*?'' ffXtFttfC'ED!^ VCtFQ Lit Ul* 

dtplUttLf’a WAJ vbrn vnUltiic ^ p L 10 -U hi th* m** af rhE^ kind wbleb 1 unti l ft nl Lq 
m Altai It* -i'li 1 [ila-j!ii the aalla, iw Ip sis,- i^l.: tnbuirh, itajwr-J m Jrr- ^tiliir wnEI ttfmrln^ 
ianitviH wiry tvrtKutaf Utlrwnril Hug* vrbuat* pr»'i«s« ami »tu^ eltarat-feri g^rr 
erldcnrt* of flu AJEijurLbur ffintlc pwTth, StrktJjf ^Aklnc ita 1 anil* mi bj-’prt- 

trapblftd ucliswi In J iTijuli: [Lr purism iulkU IttrJ^bylL Inara Ima* tt> Up* TLr 

Vti&Eo lUrdclUPr Inn.’ Elii 1 w,i rfe a of fin IrWjnsiliir i!rwld|iitariit *0*1 n^t of & * Lili |>-l l* 

Iropb?. StnietoiH fnrrartf Ih thli imj at*. 1 Unfit, wholly lnadipllw. Oftw mnrv H !■ 
*U Imr jtiAL»u< nti. El ib.mnik*. tstih J h> far, Afi fgf ibe n-hplmiii. thif t« llU uf nuuwrb 
ILfLV whftt Hr 1 ffifterian mumciolli th*y iiainral. n; It i. J Apparels 11? tu -jn-rhil 

rrji lI i[|ii±34i of li.iblla[ Eu Wfclrft L'h- nnlcml Wlfe .1 umtljEn Cm rrBi'E Uy eb<‘ BL^WlMUii'D uf 
ALtagaWt? vIj-i mi'lr.'njp AtioraAllns urbEcli In iIu 5 cb4 [ws *ijjbt un IIb dlAAtPlH'siCnaE.^. 
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violent blow like that produced by a fall from a high place, could 
be observed under conditions which appear to lie von d criticism. 

Brandt thought he could prove from the condition, and notably 
from the color of the contents of the blood vessels in the head of 
a Rhinocer&x feckarMnm found under conditions identical with those 
under which the remains of mammoths are found, that this animal 
died of asphyxiation. This specimen has Wen made to serve as an 
argument for death by asphyxiation from immersion in the arse of 
the mammoths recently discovered and to serve as proof of diluvial 
cataclysms. Fatal accidents from immersion in water nr from 
miring may have Wen frequent without, however, its being neces¬ 
sary to regard them ns connected with cataclysms. Let it again be 
noticed, moreover, that here once more it Lh illusory appearances 
which have furnished material for eipJanntionE* Formerly capital 
importance was attributed to the color of the blood in diagnosing 
death by asphyxia; certain old masters of legal medicine were 
imbued with this idea, which Brandt applied to his rhinoceros. 
But it is now proved as concerns man that * L if at the moment of 
death there may exist, some difference in the color (of the blood), 
according to the particular kind of death, this difference vanishes 
in the lime intervening between death and the autopsy, 11 Neither 
have local congestions any diagnostic value, I will mention further 
that the condition of the blood, such us GautrcJet and I have de¬ 
scribed it in a mumuiotlv, only allows very limited invest i gat in ns. 
The carcasses of mammoths are far from being found in perfect 
preservation; generally nothing more than shreds are slug out, in 
which the skin, flesh, and cartilages, are sometimes apparently in a 
fresh Condition ; as for the rest, it is destroyed or profoundly altered. 
GWboff (1840) thought he hud found blood corpuscles and nervous 
cleanouts, but these corpuscles were only grains of dust, and Lhase 
nerve fibers were only bits of mycelium of saprophytic fungi. 

All the ordinary causes of death from cold must have acted on 
the mammoth. The snow, the icy rains, could have penetrated the 
curious fur with which the animal was covered* the fur must then 
have transformed itself into a veritable cloak of !ce t not merely in 
a superficial manner, but down to direct contact with the epidermis. 
This was deprived for it> part of the very efficacious protection 
which in other munimnls is furnished by the continual discharge uf 
sebum anti sweat. 

Finally it does not seem to me that the essentia! character of the 
mammoth's skin—that is* the absence of cutaneous glands— can be 
regarded ns having been progressively developed in this species, 
whose firht representatives would have been, on thLs hypothesis* let¬ 
ter protected than the last. We see the same character existing in the 

"TlUilaAt. E£e»i* r f'mrf*, lfnS J T oi_ i. p 
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recent elephants ; it must be very ancient and hm probably appeared 
coincidently with the differentiating of tlie proboscidian type, ns Lias 
probably lieen the case with certain other characters which are very 
special mti even very aberrant. The strangest of these k t I think, 
the obliteration of the pleural cavities which the Asiatic and Afri¬ 
can elephants normally show from the time of birth (it appears 
rather late in the fetus) and which is peculiar to them. 

To sum up: So long as the external environment was favorable 
enough to permit the mammoth not to suffer from the causes of in¬ 
feriority with which it was afflicted the evolution of the species was 
able to go on not only without incumbrance but with enough vigor 
to have temporarily assured the dominance of these creatures, whose 
gigantic si&e reached perhaps that of the most formidable living ele¬ 
phants, which may measure nearly 1 meters at the withers.” What 
a difference between such individuals and the one found by Count 
Stenbok-Fermors prospectors* Were such representatives the de¬ 
generate descendants of the first t It is possible. It would even Sw 
tempting to say that it is probable- However, let us be prudent on 
this subject, and to fortify ourselves in this prudence let us try to 
calculate the conditions under which identical questions will present 
themselves to the pidccmtologists of the future. 

M Hr. BftitSt* I Ibn caikd mj at ten l loo to th* Fuel lhat ft I* bwt lo *cwpt only wlEb ttus 
Rl v. n t>»e r^urre Errnie of the hpi lament* which ilirfbulc 21 ^Igarnlk hL» to She mimmcnk 
TJbf qoHiti&fl. Iji worth Jeo^Lnjc 1 bl{o t Jinfl In order lo IhtoW §f*EO* light so It I tfrlBfc l nbotjl-d 
hare offer aom* nuiin^rSeiaJ data. 

it wai formerly ign*d that the marohiolti might exceed & mdem it the wlthort, &r..I 
might h-fif tnah*- 7 ini-rnp* ion c, oa^li nhmt 20O kUostmmis ; ibrft wjia b<fr 

apEmirntlv a attain amotmi of exaggeration usifl, So mmr SimUld^ at lenat. & conFuaSon 
bf-Eivpi'n fL primlffttUltM and other cttUhrt prolHHKddln na. lo opposition n« Iht* na&pw 
eL iii da U hn* bei'D aancrlpt l&at the atatnre of th* mammoth tlJ-l smt tMfn) that of !&*■ 
j -^de AaLatlc elephant. 1 Woodward. Oil Hues of I l alart>ato 3 og}\ Cambridge, P- ^ - 

-T3^ fjttlnet vpmW* Unammnthi da** P&1 app^af *»«■ M*«ded the mr*frrn Jhdlnci 
elephant Id itoi."! Tbr majOnram hriglil 0 1 thU Litter apeck*, or Ihe should nr, 3 m ahont 
1S.& a maximum rarely AtEiieusd. hoWe^r, Amrdimff to tbetr monol^d atari rtcoii 

tb* Adam* JEiHidra^lh. from the wmUh of tbo Lena, UQUDIW a ISEIk motr tbiD a m-Eer® 
at flu’ fto nhler* and Cttiat 8truhok-Fi<nnor'* ftp*rlnwjL /mni lh-' LJaklHif laJabd*—EbAl la, 
frttn a aoAicwhfLt more TU’rEhrro d^mlE—raraKtrron unlj ntetern. 

But in erm not qao#tlDiaed it®* other mAmmOtlU i l am b«^ eo6pldertl4t »mlj th« 
mammoth* which ar* f«Uf*>I actually from) frarh#rt 11 frrmtor nlxe. L..afinjff 
arUlie all rtntemeaTM whl^h I run ant aa^^Trt bj authrntlo mi-.a-rEtmmrnta. I *M4l HlftLt 
myac'ir Lo pointL v-t OQt aoiae ilata Inmfiah^d bj tin- (die of the lulla 

Ttd-r* b zio oonitnut ttlalloa bftTiyd thr she of a probwdfllia and that Dl its ln-k*: 
f CtJ £ar$E^ EodlvIdiaiU may fcur.r vrry imiiJl tn*S». Hut the lnw» U not tine; an 
rli-Eihant f^f terr spnU irlin ool bear the btUnkfc of rrtj toak*. I "hfloM hasten 

pi |,] tlsal i-v^n her? no rub' of proportion can be e*tahHalted, and th-‘ aw of the 
mimnidlb la, I IhltLlt. the proof of I hi*. ArtonSSnf to utandarcti furnJp^il bj the recent 
elephant j, the MtUtiBOlk, I revolt bore tu*ka which wrrr ehLlr*1y out rf^l^rtloEh with 
Ita mature, (^e abort* p. S 3 S.) Uqt admit ting thin. If apprara lo rae KmpoMlhlr not TO 
r'gnnl ^ftaEn pi-run Me mammnth thike *a haring belonjtM lo anlinal* whose ila# WUi 
^renter I hah that of the Atfaico ami Stf obok-Fenndr ipecSfaebi. Ward"! UeCOrdn mt'nfton 
4 mamraoLh Eiisk fl.OG tortert loaf O.-lR cetera la mailmum rlremnf--recm-^ and 

another S. 3 B nH’Etf* Iooj. O-GS En^trr* tn dreamltreact, B&d wet£.htng 7 & Idlofframa These 
tauaJUremeciEJi are alrrndjf rtmch ibon tho*K' farnhshed hj Asl.itTe elephant?, wlhb a 
ni.nlm i.m lotfth df 2.71 metera, i suklmuffi rlnyttUerenM of 0 44!J meteffl. abd i mail- 
mTirn weight of -IS KlCQffFamft, But a mammoth ttlafc whLeh msy he KOh in Eln $alUTf« of 
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When these paleontologists exhume m certain districts af Africa— 
for example* in certain parts of the basin of the Sobat or in certain 
regions near Lalte Eudolph—the remains of the elephants which nre 
now living there, they will feci in the presence of these colossal re¬ 
mains of a m ammal which will then be extinct, the stupefaction which 
the discovery of the Diplodocms caused their predecessors. And when 
they find in other regions relatively not frtr removed from the prowl¬ 
ing—for instance, at certain points in Somaliland—remains of ele¬ 
phants which were not so tall, and whose general form was more 
compact, they will probably try to find what relations Can exist be¬ 
tween these types* Perhaps geology and paleontology will teach 
them that Africa was undergoing at our epoch a progressive desicca¬ 
tion, and that this process was nearly complete in Somaliland while 
the regions previously mentioned were still rather freely watered, even 
marshy in places; perl™pa they will thus l*o led to believe that the 
differences in vegetation due to these causes had placed the Somaliland 
elephants at a disadvantage, and that, for instance, our Lovodon afri - 
ftmuM ar?*atm would only bo a degenerate representative of the group 
of the L, 1 1 knoehtmhiiu^rij peril, cavmditAi, OxyoHs * * * But 

wo know that such is not the fact. The first of these elephants is a 
mountain animal, very strong, very active, made particularly com- 
Iwaive by certain conditions of insecurity, but still finding in the 
region where it lives an ample fond supply and altogether the oppo¬ 
site to n degenerate animal. 

Im us therefore not l>e hasty In assuming such relationship between 
the largest Siberian mammoths and same few email individuals, even 
if these latter were found in lho extreme north of this region* We 
must hope that iicw material will soon throw new light on this sub¬ 
ject, Let us hope especially that such specimens will be collected 
with the most extreme care, and tint all details as to their condition 
and deposition will be very exactly determined, Meanwhile it is 
permissible to regard the extinction of the mammoth sis haring prob¬ 
ably come about progressively through degeneration* resulting from 
hick of Adaptation to cold, a degeneration which was probably awra- 
rated by some other nausea of inferiority, and which was accelerated, 
perhaps* by a gradual diminution in the food supply* 


nimparallrr MwMmj af Ihr P*rki Miwujft < mw>ii nil r*c*>nU; ftUbmucft nWnl mt 
nt tb€ l*** a-hfl hTnkin at tin* Up IE hhhu^ nloDff Um outer *Ldi- of It- cam* S fa t^ivrn 
III Utal kfflftb nnut hat* fe«ft In noUkOoffand few) BC term ; if- m^sLamra 
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id tbt alAf* I>f tfc- -rtiDWt 1 hu It Uflw fRpqp I 111! tfillrf ipml Erne* ta br -hte tq Eirar 
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1,1-p nrlitkrud. 1 Ettar rhJit ihl« lait *f*vln.-ia ouai** from thn iwiftk* of iiw Kftlnia - 
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A PRELIMINARY STTTJY OI' THE RELATION BETWEEN 
GEOGRAPHICAL DISTRIBUTION AND MIGRATION 
WITH SPECIAL REFERENCE TO THE PALAEARCTIC 
REGION* 1 


By Cot E, Mm ' Ks t'j.riititjf, it E< O. L r . 


In studying the migration "f Llrrip we can nm routine ourselves to 
:i narrow view of dates of arrival, weather influence on migration, 
routes of migration, etc., hut nr t necessarily compelled to in^iEire 
into other ornithological problems which directly influence migration, 
such ns the questions of molt, sustenance on migration, mid other?, 
among which the problem of geographical dietribution is? nil im¬ 
portant- 

Until quite recently the study of migration was built on a sen of 
theories sometimes based on no evidence and at other times based 
on insufficient data. Many authors had generalised on purely local 
f-Ms on i attempted to apply to all birds a principle which was only 
msmifWt in a single species al some isolated lighthouse or on some 
island etsarritej. The interpretation of facta was often attempted 
Itefore those facts were themselves accurately known, mid opinion 
was in many eases based not on knowledge* hut on conjecture. The 
result is that many distinguished authors did. and do still, hold op¬ 
posite views on similar migration problems. 

By applying existing theories to migration in general, it was 
found that they were usually only applicable to a particular species 
at one particular spot* and it became apparent shut until a fairly 
comprehensive grasp could be got of the migration of each species 
throughout its range we should not progress to any great degree. 

The rules* governing th* migration of a species in Hi-out Britain 
ini**! not necessarily apply to that same Fpcdea when pacing from 
is- dimmer quarters in other purls of the world to* say t India or 
Egypt. Each species contains many communities, ami even very 
small local colonics, whose summer and w inter homes and routes of 
migration are governed by laws which are almost individualistic. 
Xot only each specie* and subspecies, but every small colony Or family 
of birds presents on occasions a separate problem, the solution of 
which may differ in accordance with the many varied laws governing 

1 ELFgirfntr-i.1 bj I ml l*xl from lir I bln for July, 101^ 
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tlit- migratory habit. In this confirrtian it is interesting to quota 
Whitlock (Migration of Birch, final paragraph): 

Every specks, nay,. every little dan t*f bints, bus Ha own migratory kteutfy, 
mumbling ns a whole ihe slory of the common aigbt t but on tbe ether Laud 
differing In Many points In Lift minor details. 

Before, then* the migration of any species can l*e studied as a 
whole* a detailed knowledge of its geographical distribution will he 
necessary* and in grappling with this question we are at onw con¬ 
fronted with the question of subspecies or geographical representa¬ 
tives. 

A subspecies is an incipient species and is evolved nb initio from 
exRctlv the same causes as a species. The causes of variation in 
species or subspecies may be roughly summarized as follows: We 
may attribute variation in size to the quantity or quality of food* 
variation in structure to some essential habit developed in the daily 
search for food (it Ib hoped to show m snmu future date that length 
of wing is not dependent on length nf migration!,, but on daily habit), 
s peri ill decorative- development to courtships necessitating nuptial 
display* the thickness or extent of the feathered regions to climate, 
and variation in color to climate or local mr roundings or food- A 
high temperature, a dr}' atmosphere* and a bright light seem to pro¬ 
duce that bleached effect usual in desert forms. A temperate climate, 
moist air, and a dull sky tend to dark plumage, Alpine and Arctic 
forms display more white than h itfrticenhle in the same bird from 
farther south or from lower altitudes; though we see in the case of 
Corrtu f rnie capelftinm the brilliant glare of the Persian Gulf hav¬ 
ing the same effect on plumage as the glare from the Arctic snows has 
on many northern forms. 

It is curious that it is the influence of the breeding quarters which 
causes differentiation, the winter quarters and regions traversed on 
migration having little effect on coloration or structure. Wide-rang¬ 
ing and common species show ihe most variation, so long as their 
breedihg area is not restricted* as in some of the Polar breeding 
species. It therefore seems likely that U is the nursery which tends 
to differentiation. This is most remarkable in such birds as Cuculm 
ean&ru* and Mkropu* apur, whose nursery life scarcely extends to a 
quarter of the whole year, and among which several well-marked 
geographical forms exist which in some cases share a common winter 
quarters. 

But it seems by no means proved that the breeding quarters of a 
species is necessarily its real home, though it is undeniable that the 
present breeding quartern nf a species produces the homing influence 
on spring migration. Seebuhm (Geog. Dist. of the Charadriid®) has 
already pointed out that it is possible that the present winter quar- 
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ters of migratory birds breeding m north*rn latitudes coincide with 
the old breeding quarters of the same birds ancestors in the post- 
Pliocene glaciaL period. It Beams probable that si species with a con¬ 
fined breeding a re si and an extensive range in winter had its original 
home in the confined breeding area to which It is most attached, for 
this arev; is much more exact and local in influencing the bird's fife, 
and liecotties the focus of its tni^ratiom On the other hand, it may 
be sli.it u Hjwies with a wide breeding ninge und a confined winter 
quarters was originally evolved in its present winter quarters, which 
retains thy hereditary attraction due to the love of u bird for its old 
home. In this and in other ways geographical distribution, when 
closely studied, will he found to be most suggestive of a bird's past 
migratory history. 

hi this connection it Ls interesting to note that, though u particular 
form of bird chooses for its winter quarters an infinite variety of di- 
male* in most caaes the breeding quarters irn the breeding season show 
no great variation of climate, though tlie^e may cover a vagi Liti- 
tudinnL area. 

The much-debated question of trinomials is outside the scope of 
this paper, The value, however, of subspecies to the student of 
migration is immense, and the more a species enn lie split into geo¬ 
graphical forms the easier becomes hs migration problem and the 
determination of its correct geographical distribution. Throughout 
the southern part of the Pftlnouutle region we frequently find mnn- 
than one form of n single species wintering in the same area, ami wit ft 
the help of snbspeeific difTereueiK, however small or distasteful to the 
Conservative binomial ornithologist, we can ml once recognise trie 
bn^ding area of the bird in question and its probable migration route, 
provided we have reliable information regarding its geographical 
distribution. 

Geographical distribution includes* in the case of migratory birds, 
the breeding area, the winter quarters, and the routes of migration 
connecting these arras in spring an-1 autumn. Von few gpe. ■ in 
Hie Puhiearctii’ region can he classified as (rue residents throughout 
nil seasons, though many might appear to fulfill the conditions nf a 
resident species until their mo cements are closely studied. A disre¬ 
gard of the importance of a species 1 distribution nt nil seasons has 
largely discounted the value of mnny ornithological works and 
papery for the mere mention of n species occurring at a certain 
Ineidity, without date or further detail docs not really advance our 
knowledge of the geographical iJMributlon of that species, but rather 
ron fuses it und encourages mislending deductions. 

In writings on the birds collected in a certain area wi- frequently 
bcc n great it mount of detailed description of the birds collected, their 
12373 p —21—:23 
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wing meuaurements, etc., and, except for the number of specimens 
obtained and their sexes, no further detail. A rough guess can !h» 
made at the date of collection from the time of year during which 
the collection was made, hut this even is often impossible. There is 
nirvly any indication as to whet tier the species was common or 
whether the specimens collected were the only ones observed, whether 
die bird was resident, on passage, or iu winter quarters. Again, how 
frequently the major value of a pa|>er is lost l>v failure to grasp the 
importance of assigning subspecific value to those specimens which 
represent geographical races. The occurrence of the song thrush in 
Portugal is of little value without knowledge as to whether the bird 
is of the British or continental race; or, again, the passage of the 
redstart in Egypt or Palestine loses its importance without u deter¬ 
mination of its atibspociflc rank, which alone helps us in studying 
the bird’s distribution and migration. 

It i* perhaps ungenerous thus to criticise the great efforts made by 
Held and museum naturalists, but the writer himself being an 
offender in this respect, reference is made to this most important 
point in the hopes of stimulating further effort to gain the maximum 
results from the slaughter of such beautiful creatures as birds, to 
enable us to interpret correctly the many and varied facts with which 
nature presents us and to solve the complex problems of distribution 
and migration. So killing of birds can be justified merely to com¬ 
pile a list of species obtained in a certain locality. Careful Held 
notes by the collector and an accurate determination of BUhspeeiik 
runk (where this exists) by the man who works out the collection 
can alone justify its formation. A mere list of birds likely to be 
found in almost any part of the world could be compiled by any 
studious ornithologist iu the library of the Zoological Society iu 
Regents Park, without a visit to the locality in question mid with¬ 
out taking the life of a single bird. 

Neither are we dealing with a sdeaoii which is stationary. Geo¬ 
graphical distribution and migration have been in the past, are now, 
and always will be fluctuating, sometimes imperceptibly, sometimes 
by leaps and lamuds. The same applies to the geographical races of 
a species. As distribution and migration alter, so do subspecies 
become evolved, usually very gradually, but sometimes within the 
lifetime of man. But the problems remain constant, and the laws 
which govern these problems change but little. 

The extent of the geographical distribution or range of a specie*, 
on which largely hinges tlie differentiation in both species and sulj- 
speeics. is due to— 

1. Gradual expansion or contraction, 

*2. Periodic and regular migration. 
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3* Sporadic migration, invasion, or extensive wanderings. 

4 Iltun&jj agency, direct or indirect. 

A few cases will lie taken to illustrate these problems which &o 
closely link distribution, migration, and differentiation among birds. 

1, GRADUAL EXPANSION OR CONTRACTION. 

Birds hare been known to gradually extend their range into every 
point of the compass, and it will probably lie found that normal ex¬ 
pansion radiates from the bird's original home. It is interesting 
to note that the Charadrhdae are believed by Seebobm to have origi¬ 
nated in the north, and the swallows hare been credited with an early 
home not far removed from the Tropics* 

But it is ujoro recent and current movement which now concerns us. 

An example of gradual expansion to the south is well illustrated by 
the range of the crested lark {OalerUu criatotUt and its eubeperice), 
whose original home was probably central and western Asia. Thk 
species has now amplified its distribution from France to Korea; 
and south to Sierra Leone find Senega mbi a, on the west coast of 
Africa, and Abyssinia and Somaliland, on the east coast: and to 
Ceylon. It would appear from an examination of this distribution 
that expansion lias followed coast lines, which, ws pointed out by 
llartert {Novit. ZooL, xx, 1013, p. 70) t is a tendency not only among 
migratory hut among such sedentary species as the white owl, chough, 
eirl hunting, and others. But here, in the ease of Ga&mda eristufa, 
we see expansion anti differentiation progressing concurrently; and 
there cmn be little doubt that the crested lark, a hardy species capable 
of residence in th^ snows of central Europe and Asia or in the heat 
of the Bed Sen littoral, will not check its expiation till the Cape 
Seas arrest its progress. Its advent oil the west coast of Europe is 
probably of comparatively recent date, for it has never established 
itself In Grant Britain, though there can l>e little doubt it would have 
dime so during the last century if its efforts had not been choked by 
the greed for rare birds. 

The shore lark {EmmopMla alpwtrh fiava ), which in compara¬ 
tively recent times has liecome a common breeding species in Arctic 
Norway, affords n gobd illustration of gradual expansion to the west. 
At the same time as expansion of breeding range, the#* birds opened 
out a new line of migration about 1847 (Uaetke) and became a com* 
mon bird of passage at Heligoland in spring and autumn. This fact 
is of particular Interest, as other northern species {PhjUomopm 
hormliM boreal hi Anfhus and E jnbtrha pwriftn) have, m 

spite of west wan! extension of their breeding range, rigidly adhered 
to their ancient migration route and winter quarters in southeast 
Aria. Cooke (Migration of Birds, p* 6) further illustrates the 
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phenomenon of westward, esti'iiaio# in the Iwbolmk, which ipotws 
rigid! v mitered to its ancient migration route though mid Lag l,ftW 
miles to its line of flight. 

Gradual expansion to the north can be found in the case of the 
greater spotted woodpecker in Great Britain and in the case of 
Pouter tjuwbitim* moabiticut. This latter bird, formerly confined 
to tine south end of the Dead Sea, is now commonly found in the 
Jordan Valley at the north end of the Dead Sea and will doubtless 
extend to Galilee. 

Eastward expansion, though the example must be taken from out¬ 
side the Pukearctic region, is well illustrated by the gray parrot 
in equatorial Africa, this bird, formerly unknown much east of 
Uganda, bus rapidly extended its range across the Mini Plateau and 
Rift Valley, ami will ere long find itself on Mount Kenya and tbcuca 
to the east coast of Africa, 

Gradual contraction of range from natural causes may be duo to 
meteorological or climatic conditions. Gaetke (Birds of Heligo¬ 
land) quotes the erosion of the Heligoland cliffs as partly destroying 
the breeding haunts of the guillemot and razorbill. A cyclone in 
Mauritius almost exterminated the lucid species of martin. The 
sudden rising of water on an artificial lake in Baluchistan completely 
destroyed many dozens of nests of a grebe, together with many hun¬ 
dreds of their eggs, and the whole colony of breeding biriLs moved 
that night and have not since returned to that lake as a breeding 

species. 

Or contraction may be due to inability to establish a migratory 
habit, which wu sec after revere winters among some of our own 
resident forms; or to an insufficiently developed migratory habit, as 
with certain communities of redwings, fieldfares, and starlings, who 
perish in the south of England and Ireland in very severe weather 
rather tlmn i-nntinue their passage to southwestern Europe, as do 
other communities of the same species who hare developed an in¬ 
creased migratory line of flight. 

Or contraction may be due to expansion in range of some other 
species which becomes an evicting factor. The jackdaw is believed 
to have been largely responsible for driving the chough from the 
cliffs of southern and western England. The house sparrow, in ex¬ 
tending its range in Russian Turkestan, has supplanted the tree spar¬ 
row and has evicted the house and Band martin from many nesting 
haunts jn England. The puffin Has replaced the Manx shearwater 
in some of the islands of the inner Hebrides. 

Food supply will also contract the range of a species, though this 
is usually only a temporary inconvenience. 

Gradual contraction among nonmigrotory species will eventually 
produce Interrupted distribution®, extermination, or isolation. Of 
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the first of these conditions Sit fa canadensis, occnmng in Corsica, 
Chinn. and America; Cyanopica cyanim, in Spain and Eastern Asia; 
and Pyrrhoevrar pi/rrhocoram, with its reported isolated colony in 
Abyssinia, afford good examples. 

Isolation will in its turn most assuredly produce differentiation. 
In these three above-quoted cases there can lie little doubt that the 
isolated colonies emanated from the same parental stock and that 
they primarily emigrated from the same area. As in Mesopotamia, 
we find derelict remains of ancient civilization, such as the bunks of 
some Babylonian canal, cropping up at sometimes great intervals, 
and only giving us a general cltie lo n once huge work, so we find 
among some species derelict groups or forms cropping up in widely 
separated parts of the world as landmarks nf some bygone migra¬ 
tion or continuous distribution. 

Such gradual movements sis are outlined above, when undertaken 
by wlmt are commonly belie veil to lie resident species, represent in 
fact incipient migration or movements from which a strong migra¬ 
tory habit has since developed in other species. 

2, PERIODIC AJtB REntTLA.lt MIGRATION. 

Wo sue periodic and regular migration effecting changes in breed- 
inff-area in certain species of Pfilar-arctic birds. We find the bee 
enter {Mcrop* aplatUr) taking advantage of South African condi¬ 
tions and establishing breeding colonies then,?. {Stark and Selatcr, 
Fauna of South Africa. Birds, iii, p. fttl.) That this species breeds 
regularly in Algeria and Egypt is beyond question, and it serins pos¬ 
sible that it also breeds in the northern Sahara. (N‘imt. Zool-, xriii, 
1911, p. 524, sjc, 1913. p, ©0.) It is not tlien surprising to find them 
nesting in South Africa, where conditions are more favorable than 
in north Africa. But it is not inferred that ibis bird breeds twice a 
year, once in its normal summer haunts and again in its winter 
haunts. It is more likely that the colonies which breed in Smith 
Africa are resident comm unities who have dropped the migratory 
habit as redundant to their life. 

Again, we find the sandpiper [Tatanus hypaJcucui) nesting in 
tropical East Africa (Von Sornmeren), and the writer observed the 
young of this specie#? with their parent-? on the Kajimlo Biver near 
"Nairobi in 1915. The pratincole is reported lo have bred in a colony 
near Durban in Nbvendwr, 191" {Ibis, 1900, p. 385), ficoffrny*» sand 
plover is suspected of breeding in Somaliland (Archer), and the 
.wallow (fltrtindo r. rustica) in Uganda and on Kilimanjaro. 

It is held that these cases of expansion of the breeding range are 
directly attributable to migration, as they all occur among species in 
which the migratory instinct is strongly developed. Who I her or no 
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these instances are ciises of incipient isolation remains to be seen. 
If this is the ease, we shall get differentiation, ns in the case of for- 
vim cor/ux, the hooded crow, which lias two oonununitiH, in Egypt 
and on the Persian Golf, both of which have lost the migratory 
habit, and one of which has assumed considerable differentiation. 

It has been staled (Eagle Clark, Migration of Birds, i. pp, 15-1 •) 
that southern tropical regions are not suited, as a nursery for the 
hardy northern birds, and if breeding were attempted in such re¬ 
gions the species would become extinct. 

Facts do not entirely support this view, though doubtless it is true 
as a broad principle. We have already referred to the hooded crow, 
an essentially hardy northern species ami one of the few birds re¬ 
maining in Arctic Norway in winter, as breeding under one form 
{C’orvut capf'fbi i«s) on the shores of the Persian Gulf, one of the 
hottest parts of the world and eclipsing the heat of any part of 
tropical Africa, while yet another undifferentiated form is resident 
in Egypt and northern Sinai, We find a swallow (ffirundo sarirf- 
nti) breeding in Egypt, various forms of Lire white owl and kestrel 
throughout the Tropics of Asia ami Africa, and other birds such as 
SiH-icola tonjiwtit, the stomn-hat, with geographical races equally at 
homo from the Arctic regions to Cape Town. 

All such distribution, as illustrated in this lost paragraph, is due 
either to gradual emigration or to a regular migratory habit at some 
remote period, and lias depended for its success on the initial ca¬ 
pacity of a species to adapt itself to new surroundings, which was 
possibly a cose of necessity in the earliest attempt. 

In this connection it would be interesting to ascertain whether the 
same Species, when nesting in tropical countries, lavs fewer eggs in 
tiie dutch and rears more broods in the season than the same bird in 
more northern dimes. Tim blackbird is said (Chapman, Wild Spain) 
to lay but three eggs in Spain, to raise three broods in Tangier 
(Favicr), whilst in the Canaries the local blackbird (Turthss m. 
cab rente ) lay’s very few eggs in Urn clutch. (Ibis, 1912, p, 597.1 The 
wren {Troglodyte*), a prolific breeder in northern dimes, appears 
to lay but four eggs in the normal clutch in Sicily. (Ibis, lfilit, p. 
171.) Is such the case among other species which have tropica! rep¬ 
resentatives? The jwint is submitted to the many distinguished 
tnili gists whose vast collections might help to solve the problem. 
Ts the normal dutch regulated by the capacity of the parents to feed 
the young (or water the young, in the case of sand grouse), or by the 
limits of brooding surface on the parent s abdomen, or by the normal 
mortality in the species, or by what? Even such questions have in¬ 
fluence on migration and distribution, for it is by no means certain 
whether birds go to the Arctic regions for reproduction, on ac¬ 
count of their ancient love for home, or to enable them to get suffi- 
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cieutly long: cifiy35 to colled a satirfactOTy supply of food for their 
offspring* or whether merely beeatise the Are tie regions offer a more 
pro!ific food supply than more southern regions. If either of the 
two latter causes are correct, we should expect to find the Charad- 
riidwe and An alulae-which breed in the Tropics to by fewer eggs in 
the dutch than those which breed in northern Europe. We know 
that a plethora o f food reflects Itself on ^production (c. t snowy 
owl s and rough-legged buzzards in lemming years in Sea inlio avia* 
and the increase" of hyenas after wholesale deaths among natives 
in East Africa), 

& SPORADIC MIGRATION*. INVASION. Ott EXTENSIVE WANDERINGS. 

The well-known invasions of Syrrh&pte* need tin comment That 
they would lend to eventual permanent colomzatioa is almost cer¬ 
tain, but so far the species has never hod a fair chance. There is 
no reason, however! why the w ide distributions of PtmcU* mrenmim 
or t\ xvmgaflm should not have been initiated by colonization after 
sudden invasion, for the sand grouse ns a group are essentially wan- 
ibrers in search of suitable and rather specialized food, seeming to 
pride themselves on erratic movement and ignoring any seasonal 
lines of flight, which, generally speaking, constitutes migration; 
though in gome spots they are particularly regular on migration* m 
is the ease with P . arena rim of northern India. 

The rose-colored starling, aptly described ns a veritable gipsy 
among birds, gives ns a further illustration of colonization (in Italy 
and elsewhere) after invasion: and the various subspecific colonies 
of the crossbill (Lnxhi currirontro) in the MedUemuiean region 
might equally be due to colonization after eruption at some remote 
date, as opposed to either gradual expansion or regular migration, 
though the accuracy of such a theory to account for their present dis¬ 
tribution b by no means certain. 

4. Hint AN AGENCY, DIRECT OR INDIRECT. 

The introduction of such species as the pheasant, goldfinch t and 
starling to various part- of the world will suffice to illustrate ex¬ 
pansion of range due to direct human agency. In the rase of the 
goldfinch, wc find in the Bermudas that the bird has already estab¬ 
lished for itself n differentiation entitling it lo suhspecific rank, In 
the case of the introduction of the starling to Cape Town* it is inter¬ 
esting to note that the species has abandoned the migratory habit 
and has Income a pun? resident* not even congregating into flticks In 
winter. 

Contraction of distribution under this heading is the sad story of 
extermination, being generally confined to species having a very 
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loi^al breeding area, such as the passenger pigeon, Esquimaux curlew T 
and Labrador duck* or to species, which, haring a large range, are 
unable to resist slaughter at nil seasons. Systematic egg stealing 
under the cloak of science* but which in reality m the travesty of 
science, is also responsible for such contraction of range, us in the 
case of so many birds which have within the last century ceased to be 
included among British breeding species. 

Indirect human agency has increased the breeding range of certain 
species, though only in a minor degree. The reafforestation of land 
and artificial sheets of water have* no doubt! helped in thk manner, 
though in moat cases it has been a case of reestablishment. The car¬ 
rying of migratory birds on ships comes under this heading. 

In tike manner lias interference with terrain, such as the draining 
o f the fens, contracted the breeding range of birds* The introduction 
u f a destructive element has had similar effect, as in the case of the 
arrival of the pig in Mauritius, which completed she sad fate of the 
dodo, or the great mortality among sea birds from the torpedoing 
iif a Lank steamer and the resultant film of oil spread over vast areas 
of aea* 

CONCLUSION. 

From these examples it will readily l>e seen how closely related arc 
migration* di^lribution* and differentiation among birds. Without 
tin 1 framework of distribution 1 lie study of migration can only lead 
to theory. Each separate species or subspecies must be studied, if 
possible, throughout its range, and then we shall arrive ut facts 
from which the whole narrative of migration can be read. Ko tvvo 
■qiccites which have a similar geographical distnljuticm nr? known 
io have similar migratory habits. We even get* among birds of the 
same species* vast differences in migratory habit, hence the great 
importance of detailed study. 

The task is gigantic, and though no one human life can ho[H' to 
complete the work, a combined effort by all field naturalists and col¬ 
lectors, with the very great assistance supplied by the various organ¬ 
izations in Britain, America, and on the Continent for the study of 
local movement, not to mention that most valuable of all schemes, 
theringing” of birds, will go far to building up an edifice grounded 
on stdid fttF-rs, vda.se cmupletUm we must leave to future generation-' 
of enthusiast. 

hinally. it mii^t lie clear to any reader of this rather fragmentary 
paper that no exhaustive or complete study of the subject baa been 
attempted. Many point?- connected with the relation between dis¬ 
tribution and migration have been merely suggested. In the hope that 
Bitch preliminary mention will stimulate ideas on this, the most 
attractive plmse of an absorbing science* 
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It is now generally agreed rKnt birds && n class are highly bene¬ 
ficial end function ns an important natural force in the control of 
the to any insects Lhut attack agricultural cropp. fruit orchards, and 
forests. Realizing this, many countries have enacted laws for their 
protection and preservation, whilst some maintain departments 
wherein their feeding habits, migrations, increase and decrease, and 
general movements are studied, with great Lendlt to their respective 
nations. 

The question is frequently asked, “ Why should the State interfere 
with wild life} why should not birds and alt other wild animals be 
left alone f ” 

In order to give an adequate reply tn Ibis question it is necessary 
to consider at some length the activities of wild animals and their 
relationship to mankind. 

The nation or the individual who possesses objects of great value 
i^eeks by all legitimate means in their power to preserve such from 
wanton" destruction or harm in any sense. Such notion is highly 
commendable, for surely it is only right that anything that is con¬ 
ducive to the welfare of mankind and that we of the present genera¬ 
tion hare the privilege of enjoying should, if possible, be handed 
down for the benefit and enjoyment of generations to come. It is 
the duty of the Stale, therefore, to guard nnd conserve most jealously 
every object that tends to the uplifting nnd advancement of in 
people, irrespective of whether such objects possess any direct utill- 
t iiriun value or not. 

In the case of wild birds we have l>olh an {esthetic and a utilitarian 
value attached to them. On the former we do not propose to dwell 
at any great length, for the love of wild birds is interwoven with our 
national life. In painting, statuary, poetry, and prose this is at oiwo 
evident. We have associated with bird life purity, valor, fidelity, the 
love of freedom, and the exalting love of maternity. Wc have used 
the bird as die emblem of peace and contentment and to express the 
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idDii of grace ant] symmetry of form and of perfect adaptation to the 
enTOonmeiit. The song of birds—the “thousand blended notes" 
as \\ urdsworth described it—has inspired the poets of all ages and 
countries, those of our own country being not the least. Some of the 
stateliest lines in English poetry refer to birds, ns remits of Shake¬ 
speare, .Shelley. Scott, llurna. Gray, Longfellow, and Tennyson will 
ret a L The study of bird life has ever exercised an ennobling in- 
nonce, in eonseqnonce of which in certain countries efforts have ixcfl 
mat e to make it a Compulsory provision of the education code to 
arrango or the study of birds in the public schools, and in a modified 
uriu to t 10 original proposition one of the Stales of North America 
lias enacted a law requiring every teacher in the public schools “to 
- 11,1 l ' rn * 'Struction it least once a mouth * * * relative to tho 

preservation of son- birds, fish. and game." legislation of this kind 
unuiii et y murks the commencement of a phase in the public mind 
mat is likely to assume greater importance in the near future. As 
a recent writer states; 


S » U - dy C,r bln1? ***> ** obwreHonal ftaiUJea and 

nf tin- mind. Tile *uai> of the Uvto* bird nlletd U 
r '* . h> , , ' i,u d t*od}. Llie outdoor use uf eye. eirr, mad limb 

, "T fetl fie ' 1 Wf<rk twlli * to At both the body and mind af tli*> student 
for the prerflr*! wnrfc of life, for it develops both and fa«iHlre, (t 

Jol o '»•> Jnio^-ntaet witH namw-ont Into lhe rranltebt, «b« B bolmj- air* 
Hiir thi. whi^prrEn j pinm or fresh bn?™* ripple the blue wuter* 

^erv similar ideas are expressed by Forlwuh, who writes: 

Thun’ Ja no purer joy in life tbau Umi *bleh M me to *li w b,>, In 

, aU!, lr : *‘“ rl * n3um!t,|f ' ^iiivuiH tie approach of ikiv with ntr Its bln] 

J Jlt ‘ w,TUr1, lmvT wb » <■* the non a »f tin- wood fhni-li u i djiwn- 

?" tm , 1,1 ,Allm > wrvllL '- Joy S (.UDdU. K tbroutf, tbo Him wuikU^ 

b-jrn It iviili tcotln^H ufciu to tin**; of tho devotee wbose being is thrilled by 
lJ|l ‘ crsait and sacred tumde of the sanctuary. And he who, (n tho ttlll f urt *,i 
in cvealnc, tMrken.« to rhe exantsfte rvi!(* of the bermJi—voice n Ulu .,, 
expmatat In anwet cadence* her jwibw and her UwmiWe mjTrterr-_«tt.HenoM 
armd lb, UH1U* of nlshi iwunloii. which m(lsl ^ 

purify t feo ihe oiMi nprlijht and vfmrnan of men. 


On tho utility of bird, wc might ilwoll at great length „„,1 than 

la- born Bhauutag tin, aubjcct. Far of „ .a rottnod any 

.on,•option »lths'■*,«« they ««*» upon „« r foK , m|)pk „„J 

many . in.lu.tty. Man. „ „ tl . k .„y confe* ™r re- 

mart, * the, r value a, ih» guardian, of „ur chop* arebank, 2 

"Ur fawta. n„w 1,111a do „ raaltae what a ,K,ta W fanloy for Luaal 

" 1 “ I"." 1 " “ '"''“J »“'■* IB. su m total „f iboir 

'f ,n “ T" S ' l”' 1 w" S?*Wt * h vllk Uloaacu iiv 

of our foo .1 supply. Wore „ a« f„ r tho honoflh, ,o, irtm<l , k ;, 

birds A ««ul<l la. nopossihlo l„ aare^fully nnttiT.to Hit majority of 

our crops. Tins Etahnum may moan an c.vlrevagant one but an 
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eunuMtion of a few instancy will at ora* serve to allow how true 
it is. 

We are all familiar with tfce greenflies on the rose and 1mve some 
roil fused idea of their enormous fecundity. We probably rail to 
mind Prof. Huxley*s computation of their amazing rate of increase, 
but few uf its have ever seriously considered the potential danger of 
greenflies with reference to our food supply. 

The late Prof. Riley, when studying the hop aphis, ol served 13 
generations of this species in a year. Assuming the average number 
of young produced by cadi female to be 100 and that every individual 
attained maturity and produced its full complement of young. u tUc 
number of the twelfth brood, alone (not counting those of all tlic pre¬ 
ceding broods of the faime year) would be M)/NKV- 

OW f OOO (10 sextUlions) of individuals,™ Such figures fail to convey 
any idea of the numbers, but dealing with these Prof. For hush has 
pointed out that if these Individuals were marshaled in line with 
10 to a linear inch and touching one another* “the procession would 
extend to the sun (a space which light traverses in eight minutes) and 
beyond it to the nearest fixed star (teaverged by light only in six 
years), and still onward in space beyond the most distant star that 
the strongest telescope may bring to view, to a point su inconceivably 
remote that light could only reach ns from it in twenty-five hundred 
years.™ 

Rut there is scarcely a cultivated plant that is nut attached by one 
or more species of greenfly* or aphid f as the naturalist terms them. 
Of the trillion of billions; that infest the apple, pear, plum* and cherry 
trees, and the hops* wheat, bonus, turnips* cabbage* etc*, what be¬ 
comes of thorn i They are eaten by the birds. Aphids in largo quan¬ 
tities have lawn found in t lie stomachs of the whitotlircmL the war¬ 
blers, the tits T the wren, the goldfinch* the chaffinch, the skylark* and 
numerous other birds; and the same remarks hold good with refer¬ 
ence to the insidious scale insects. 

Most insects do the greatest amount of damage during their larva] 
or caterpillar stage; they feed voraciously, their daily consumption 
of food often exceeding many time* the weight of their bodies* Be 
lecting a familiar example, the yellow-and-clinvolute marked niler- 
pilhtr of the currant nr magpie moth, it m|uires about 170 of these 
to weigh an ounce; in their earlier stages, say. about 200. We have 
seen currant plantations infested with tilesc and by counting the 
number on one bush have estimated nearly 1 * 000,006 to the planta¬ 
tion, or a total of 9J hundredweight. Had these been left undis^ 
turhed they would quickly have consumed the whole of the currant 
leaves and ruined the crop; but, thanks Lo the birds, they were de¬ 
duced to insignificant dimensions long ere they had an opportunity 
of devastating the hushes. And so it is with numerous other crops. 
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lVtj 111 ifTlit continue to cite insect after insect and thu birds that feed 
upon them, but one further case will suffice. 

TrfJiivelot, who introduced the gi]isv moth into the United States 
'>f America, specially studied the American silkworm, and reelecting 
its food and rule of growth he made numerous experiments. The 
rate of growth and the amount of food consumed are astonishing, 
T pon hutching from the egg, the caterpillar weighs one-twentieth of 
a grain; when ID days old its weight has increased to half a grain, or 
ten times the original weight; when SO days old it weiglis 3 grains, or 
sixty times its original weight; when 30 days old its weight has in¬ 
creased to SI grains, or six hundred and twenty times the original 
weight; when 40 days old it weighs Dfl grains, or eighteen hundred 
Liriu-t: its original weight ; and when SC days old its weight has risen 
to 2<>T groins, or four thousand one hundred and forty times the 
original weight, 

Alien £D days old this caterpillar will have consumed about Art 
grains of food, but by the time it is fully grown, namely, 56 days, it 
will have consumed not h-ss than three-quarters of a pound of oak 
leaves, rims the food taken by a single caterpillar in 50 days equals 
in weight eighty-six thousand times the original weight of the animal. 
Well might Longfellow say of tin- birds: 

Tlicy a re; tie winp^I wardens of your forms, 

Wliii frrjm ilio oornfielilH Jrlrp the Insidious foe. 

And from your liar rests keep a hundreii hnrnw 

Tn the interests oi agriculture, fruit growing, and forestry surely 
tiie conservation of this wild life is worthy of Suite attention. We 

lu * *.. menu the passing of an act of parliament for the pro- 

teetk.il of certain species, but a daily study of their habits and activi¬ 
ties and nil their intricate relations to mankind. 

■'Hut. what about birds that are injurious? * If those that are 
beneficial should Lw protected, surely those that are injurious should 
L‘ destroyed. Our knowledge us yet of the feeding habits of wild 
Wflis is ™ fragmentary that it w ould bo dangerous to make the un 
qualified statement that any sjwcies of wild bird is wholly injurious. 
Some arc partly so. due in nil probability' to the fact that they are 
too numerous, as, for example, the house'sparrow, the wood pigeon 
dii. Stirling, etc-. fait there is reason to believe that if thcaa sjwcits} 
were much leaj numerous than at prerent the good they would do 
would more than compensate for any harm thev might inflict It is 
therefore inrumhent upon t!je Suite to walk very warily when it pro- 
ccods to withhold protection or to frame repressive measures for the 
destruction of any species. In a like manner the granting of protec¬ 
tion to n bird lit present generally regarded as beneficial rnav lead to 
;m undue increase in its numbers, and within a very sh urt time it will 
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prove equally injurious. The problem is a most difficult one. Those 
who demand nil-round uniform protection are equally :is wrong ns 
those who favor all-round destruction, and the State that listens to 
either side or allows such extravagant views to weigh in their delib¬ 
erations is amassing troubles for the immediate future. 

Only after a long and careful study can we arrive at a satisfactory 
conclusion. Experience shows that it is possible to learn with con¬ 
siderable precision the percentage of the different kinds of food. 
Let us take the ease of the skylark. This bird requires about 6 pounds 
of food per year, “so that 10,000 birds would require about s27 tons 
of food in a year,” As we now know the percentages of fond eaten 
by this species we can analyse this figure. 0f the total food consumed 
in a year 35.5 per cent consists of injurious insects, 3,5 per rent of 
neutral insects, 2.5 per rent of beneficial insects. 9.5 per rent of grain, 
1 per cent of leaves, 2 per rent of earthworms, l per cent of slugs, 
1,5 per rent of miscellatlous animal matter, mid 43 per rent of the 
seeds of weeds. In other words 36.5 per rent of the food eaten is of 
benefit to the farmer, 50.5 per cent is of a neutral nature, ami only 
i:j per cent injurious. Thus wo bare a debit and credit account: On 
the former side we place the loss of 21 tons of cereals, and on the 
latter something like 30,000,0)0 injurious insects and 30,000 slugs. 
Such a plague of insects left to themselves would have destroyed 
many more tons of cereals, mot crops, etc. Thus the fanner is un¬ 
doubtedly the gainer by tin enormous tonnage of produce. 

The indiscriminate destruction of wild birds has led to serious 
insect plague; in many countries, B» that any rep retire measures 
must only be tho outcome of very careful consideration founded upon 
long and accurate investigations such ns the above. 

To provide against extermination, State reservations, an places of 
refuse, nre necessary. Other countries have found such to be profit - 
able investments apart from protecting certain specie* of birds. 

The education of nil who are connected with the land is another 
most important avenue for State activities if we are going to secure 
to generations yrt unborn their birthright. 

The subject "of bird protection is nn exceedingly wide one and 
worthy of the attention of every enlightened community. “Tin- food 
relations of birds are so complicated and hare such a far-reaching 
effect upon other forms of life that the mind of man may never be 
able fully to trace nml grasp them,” says Professor Forbueh; but this 
must not lie advance*! as a reason why wc should not steadily pursue 
onr investigations of the subject, knowing how directly it affects 
mankind. If we do not we ore jeopardising our food supply. Im¬ 
poverishing tho land, and lagging behind in the progress of knowl¬ 
edge, and for such apathy and omissions nature will surely sooner 
or later demand just retribution. 
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GLIMPSES OF' DESERT BIRD LIFE IN THE GREAT 

BASIN. 


liy HaUY C. OfiffHiiLiH, 


Stretching fur away to tin- westward beyond the slopes t ,f the 
Rocky Mountains lies the country of the Great Basin, the great desert 
region of the United States* From Utah and Arizona it reaches 
north to Oregon, and west to the lofty harrier formed by the t’nS‘ 
ejisie Range, the Siemi Nevada and the San Bernardino and San 
Jacinto Mountains. This whole vast area is an almost continuous 
desert, spreading indeed its powerful influence to the contiguous 
slopes of ihe mountain* that guard its confine** Vet it is nut all 
alike, foi* many of its parts differ widely in climate, physiography, 
vegetation, and animal life;. Mountain ranges of varying height 
and extent, sometimes close together, sometimes with broad valleys 
interposed, traverse the entire region, most numerously in Nevada 
where they are chiefly parallel, least so in parts of southeastern 
Oregon, extreme southeastern California, and southwestern Arizona. 
The loftiest of these are in central Nevada and in the Death \ alley 
country of eastern California. The valleys and plains, often of 
great extent, are stretches of sand, gravel, nr clay, with now and 
Then the Led of an ephemeral lake conspicuously shown by its 
dazzling efflorescence of alkali. 

Rivers are few, the two most important l?*ing the Colorado, ivbich, 
except f«r a small portion of its course, is hardly within the region; 
and the Humboldt, which, after following a tortuous course across 
Nevada, discharges its waters into the outlet I ess Humboldt Lake, 
thus offering itself as a great hut ineffectual sacrifice to the all- 
devouring aridity of the desert. There are some smaller streams, 
hut most of them* aside front such as issue from the high mountains, 
are only dry washes except during seasons of rain. Springs, some 
uf carbide re hie size, occur in the lulls and even ont on the open 
de^rt; while hot springs are to be found in a number of the valleys. 
Lakt*. many of which, like *> many of the streams, have blit a 
transitory existence, yield some relief from the monotony of the 
broad expanses of parched land. Those that arc permanent, with 
few exceptions, are in the northern part of the Great Basin, in 
Utah, Nevada. California, and Oregon. They are all shallow. 
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more or Ie&$ suit or alkaline, have no outlets, and derive their sup¬ 
port chiefly from springs or short mountain streams. 

Heat and lack of moisture, which ore the dominant features of tike 
climate, increase markedly to wan I the south, and reach their ex¬ 
trema in parts of western Arizona nnd southeastern California, 
where a summer temperature of 100* to 120 & in the shade h of almost 
daily occurrence, where the average aridity of the atmosphere is 
more thmi three times as great as in the eastern United States, Mid 
die annual rainfall, confined chiefly to die winter months, is only 
3 to D inches. 


Little of all this dreary and forbidding region lacks vegetation 
entirely, for only tins mi rage-haunted alkali plains and the barest 
rocky dopes of the seared desert nmges ure shunned by the hardy 
desert ftliruhs. The bottoms of the valleys, the sloping or nearly level 
mesas, the sides of the hills and mocnitains are all clothed with a 
growth, sometimes scanty, sometimes wonderfully varied* of me*- 
qinnv sagebrush, grease wood, cactuses, yuccas, or other similarly 
characteristic forms. The only trees wortfiy the name, except on the 
uuiumaiij3 t which rise partly Ijevond the arid influence of the valleys 
and support in places forests of pines, are the cottonwoods, and 
these are found only at springs or along streams. 

An environment apparently more uninviting to every form of 
animal life it would Ik? hard to find} for the bn.ro rucks, the reached 
nf .-:md, lhe pebble-strewn mesas, and the clay finis intrusted with 
^dl and alkali offer seemingly no protection or coikealrmiit: while 
the in tv heat, the desiccating air, and above all the lack of water 


appear bostib alike to all kinds of living creatures. Yet life there 
i?, and relatively much; lizards of brilliant hues scamper about over 
Hie sand or lie on the ft^ks to Liask in the sun ; coyotes roam the 
plains by clay and buck from the h ills at night t rock squirrels ami 
wood rats Inhabit the cliffs; the little pocket mice and the singular 
kangaroo mts live in holes on the gravelly slopes or among the sand 
ihnii s; and many birds of many kinds are conspicuous almost every¬ 
where, as w ell in the summer as when during the seasons of mignu 
tiaij their praters m ■pedes mul individuals an greatly mimunted. 
Only the bare and barrea expanses of salt and alkali in the vnllevs 
are uninhabited, and even here at times some btrrl of strong flight 
may be seen son ring on lofty pinion above the inhoepifol region. 

J ho lakes of tu region form the great attmetiou for most of the 
u ater birds and those that are ttttelly tented waders, and hn**, 
tr>o t along their ttmtfunte marshy shorn, * home for varioiia ^ 

SpCClttS. 

Ti.e American attest, in its becoming attire D f black, white fl ud 
cinnamon, is a conspicuous uutl characteristic iigutu about these 
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hikes, as in search of its food and insects and crust*conns it often, 
with wings hai r raised* dniriiily wades in the shallow water along 
the shores; or, having po&ed beyond its depth T rides out buoyantly 
upon the waves, Startled from its humble nest in the grass or rushes* 
the avtxttfc employs all the arts and wiles known to the anxious parent 
bird in the endeavor to entice the intruder to a safe distance; and* 
even after the young have Joined their elders on the beach* any threat¬ 
ened danger will bring the old birds about with loud eric* and de¬ 
meanor almost fcs anxious as whan the nesting haunts are invaded. 
The avooet is always a noisy bird, and* by its loud, reiterated notes, 
has earned the significant sobriquet of u lawyer. 11 

The hi ark-necked stilt, trim and neat in its dress of black ild d 
white, and of even more distinguished appearance, is found almost 
always intimately associated with the avoect. In habits it is quite 
similar to its companion, though less demonstrative, and in the 
shallow water it moves with slow T dignified, almost ludicrously cau¬ 
tions; steps* pausing every now and then, with bill half immersed, ilh 
if meditating or listening* 

Many lands of ducks—the mallard, gad wall, redhead* ruddy, and 
cinnamon teal—enliven the marshes ns they pass to and fro in their 
businesslike way overhead or paddle about mining the tules or out in 
the open water, sometimes alone in search of food* sometimes fol¬ 
lowed by their downy ducklings. The cinnamon ten) k probably the 
most generally distributed of all the ducks that inhabit die Great 
Busin, for it h often to be seen at the springs* watcrholes, and even 
wooden tanks in llio midst of the desert» w here scarcely do land birds 
find a congenial abode. 

In manv of the more extensive marshes may be ~een the beautiful 
["orster tens, a bird which, though of wide North American dis¬ 
tribution, is preeminently a denizen of the interior, and contentedly 
takes up itg abode about many of the lakes of the Great Busin, 
undeterred by the heat nod the drought of the desert* so foreign 
to its northern or eastern home. Graceful of flight as elegant 
of form, it is in its movements in the air a source of constant and 
fascinating delight to the observer. Starting from the stake, stump* 
or dead tree that may chance to be its resting place, it sweeps on 
easy wing low over the marsh, giving forth at intervals its harsh, 
cackling cry, or with bill pointer! downward beats back and forth 
over the lake and the poods looking for fish* But soon the eager 
eye baa discerned its prey; the Sight is arrested; with spreading 
tail and quivering wings the bird for a few seconds hovers in air; 
there is a quick plunge, a splash, nnd straightway the long, thin 
white wings rb=e with their burden* and the bird boars its l>ooty 
away to young or mate. But M there’s many a slip kwbet the cup 
12S7B*-21-24 


353 AXN’UAi, BRpnitT SMEraso^fiAX nrsTdmoN, lino. 


antJ tins lip. as wdl in the life of a tern ns of men, and niinv a 
j«iBe f many a descent, even many a plunge, brings no other reward 
tinrn the lesson of patience and perseverance. Among the tules and 
other rushes that frequently border the desert lakes tlie Forster 
tern may be found breeding, often in dose-crowded colonies and on 
friendly and intimate terms with grebes, gulls, or other marsh- 
loving species. The nest is built up from the ground, often with 
some care, of reeds and flags and other water plants, with a lining 
of similar material. The approach of any intruder is well-nigh 
sure to arouse a clamorous outcry from the rising birds, which dash 
threateningly at him from above, but when near at hand swerve to 
one side and pus swiftly by and up again to repeat the performance. 

The well-known coot, in its somber dress of gray, with mask of 
startling white, frequents these ponds and lakes wherever there is 
promise of requisite seclusion. It moves unobtrusively in and out 
among the reeds that skirt the margins of the pools; and if at limes 
it ventures more into the open, it is ever ready at the slightest alarm 
to seek the cover again. It may perchance he seen cautiously slip- 
ping away from its nest, on which it can scarcely ever be surprised; 
or it may Ijc found swimming about surrounded by its gaudily be¬ 
decked but sturdy and precocious Infant*. 

Tule Lake, in northeastern California, dose to the western edge 
of the Great Basin, is a good example of the shallow, though some¬ 
what extensive, desert lakes. It is so named from the common dark- 
green, round-stemmed tide, or rush, which grows luxuriantly in the 
water about its margin, particularly at the northern end. This 
growth of tule* reaches out in places fully a quarter of a mile from 
the shore, now intermittently, now in wide stretches unbroken save * 
by Email spaces of open water, and forms extensive marshes that 
attract myriads of birds* 


Among tbo waterfowl drawn to these marshes the western grebe 
is notable for size, dignity of appearance, nod grace of carriage, us 
it lightly rides the water with head well poised and neck erects and 
were it not eotmnonly so retiring in disposition would much more 
frequently claim attention. Although it is able to fly well. Us home 
is the water, and there in habit anti action it is strikinglv ioonlike. 
It swims excellently even entirely submerged, or with but the head 
and the long bill protruding above the water, presenting then a 
strikingly serpentine appearance. Sometimes, when at rest on the 
water and seeking escape from observation, it may bo seen to settle 
.slowly lower mid lower f ns though drawn downward by an urj$c#n 
force, till body, neck t and finally head sink out of sight,' having not 
the suggestion of a ripple to disturb the mirrored surface of the 
water. Out in the lake, among the tults, it heaps up & rough-looking 


DESERT BTHD LIFE-OBEEHOCTL 


359 


yet siifBcienUT sillfetn mini neat of the dead and floating vegetal smu 
molds n depression in the top for the two or throe eggs, and moor® 
the whole securely to the upright stems nf the growing plants or 
leaves it to drift at the impulse of wind and waves, 

A sturdier, less sednte* more gnyly attired species, the abundant 
American eared grebe lives in these great tule marshes in neighborly 
fashion with the western grelw, and builds a floating nest of typical 
grebe arc hi teet tire, which is a familiar feature of the place. While the 
eggs are the object of her solicitude, the mother bird is always on the 
watch, and at the approach of any intruder hastily covers her treas¬ 
ures with the loose decaying vegetation nf the nest nnd slips away; 
but later on, when the appearance nf the little family has added to 
her maternal cares, she lea da forth her vagrant brood to share with 
them the perils anti the possibilities of the little world in which they 
mow. 

Multitudes of ungainly, dark-bodied cormorants roam this lake. 
They arc awkward enough on bind, but perfectly at home on the 
water, and able to swim long distances below the surface Their 
nests are coarse structures of sticks ami tule stems, which occupy 
either convenient niches in the rocks or the branches of low trees, 
and are to he found near tbs^c of pelicans, gulls, and herons along 
the eastern Fide of the lake on rocky islets covered with a growth of 
small willows. 

Quite in contrast to the clumsy cormorant is the niry-winged black 
tern* whose name w water swallow” seems aptly chosen, for in its 
wonderful evolution as it courses the air after insects it recalls to 
mind most of all its smaller namesake of the land. Somewhat ex¬ 
clusive, too, is the hi tick tern, and in its selection of a nesting place 
it withdraws to a separate part of the marsh. 

South of Smoke Creek Desert in extreme western Nevada, welinigh 
completely surrounded by low mountains and fed by the dear, cool 
stream of the Truckee, is Pyramid Lake. It is one of die largest and 
deepest of the flrent Basin hikes; ond in places the shores are pre¬ 
cipitous, ascending sheer from the water, though seldom to great 
height, while here and there they are adorned with curious musses of 
calcareous tufa, fashioned into great domes or other strange forms. 
Two high, steep, rocky islands are conspicuous* and from the triangu¬ 
lar, pyramidal shape of the smaller the lake takes Ha name. 

To "this liody of water resort regularly and in numbers many species 
of idiore birds and waterfowl, as well as land birds that have a fond¬ 
ness for bold cliffs near the water. A colony of California gulls oc¬ 
cupies part of tlie larger island: the clumsy white pelicans also live 
there, tmd t whether foraging daily along the shores and the marshes 
at the head of the Jake or straggling back to pitch their nightly camp. 
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they are picturesque imd striking features of this wild scene; an oc¬ 
casional lonely great blue heron is to he seen, perchance passing to 
hb iminen.se nest on the rocks; the savage chick hawk makes frequent 
raids from his eyrie high up on an inaccessible crag; and multitudes 
of violet-green swallows skitu the water's surface or, hovering about 
the honeycombed cliffs, pass in and out to their nests like a swam of 
bees. 

Southeastward beyond the low mountains that encompass Pyramid 
and 'Wlnncftntcca Lakes there is a broad desert, the bed of an ancient 
lake, must of it level and marked by numerous alkali Hats, hat, arid, 
and practically treeless save for the oases made by irrigation. Here 
are the sinks of the Carson and Humboldt Hirers, whose wide 
marshes, grown up to tulcs, Hags, and rank grass, are alike in au¬ 
tumn, spring, and summer attractive to multitudes of birds. Strenge- 
appearing white-faced glossy ibises, that move from place to place 
in flocks of often regular outline, much after the fashion of geese, 
line up along the shore or the edge of the marsh in their search for 
breakfast or dinner; night herons patrol the lagoons and the bayous 
by day and retire to the tops of the bushes or low trees at night; 
many kinds of ducks gabble over their possessions among the reeds; 
various wading birds pursue their wonted peaceful vocation on the 
fiats; red-winged blackbirds chatter among the lules. or fly hero and 
there In quest of food or nest material; and coots swim unconcernedly 
to and fro, unconsciously conspicuous in their gray plumage, A 
quiet contented community is here in this marsh in the desert, whose 
inhabitants live together in perfect harmony, and with rarely a dis¬ 
turbance from without. But sometimes that fierce marauder of the 
plains, the prairie falcon, appeal's on one of hie forays. Then whut 
a change 1 The varied voices are suddenly hushed; the hJsrkhirels 
drop hurriedly into the rushes; the herons disappear; the ibices 
mount into tlm sky or cringe statue-like in thcii places: the shore 
birds scatter to the shelter that before they disdained; the ducks and 
coots scurry for their hiding places; and soon the place that just 
now was instinct with life and vocal with happiness js to every intent 
deserted by all cicept him that is the cause of the panic. Yet this 
dreaded intruder has learned by repeated experience not lo advertise 
his coming, and possibly even now, us the signal of distress is being 
passed along, he has secured ittid is bearing away his victim. 

From theee munhea on every side the level desert reaches Fur 
away to the hills, in places bare, but mostly covered with a sparse 
growth of low, thorny shrubs, tufts of salt grass, gray-green annuals, 
and bright green greascwotKl, the last the only relieving feature of 
the landscape. Along the bases of the hills are areas where the 
bushes, spreading often into miniature thickets, catch and hold the 
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drifting sand until it rises into dimes mul even at length com¬ 
pletely covers the vegetation within. Ainmig these sandy heaps the 
curious lung-tniled kangaroo rats hold nightly revels, watched, or 
perhaps joined, by the humbler pocket mice. By day, after his 
springtime return, the shy little black-throated sparrow', nothing 
daunted by his cheerless environment, Hits about in the bushes or on 
the ground, chirping contentedly the while. Then, after he has found 
hk mate, and the cosy little nest is growing in the midst of yonder 
hIi rub, he gives expression to his happiness in a song of quaint, sweet, 
tinkling notes that are strangely attractive and fur-carrying in tho 
srtiU air of these desolate surroundings Into these sturdy wastes 
comes uUo the horned lurk, here as everywhere throughout the Great 
Busin a frequent and characteristic figure. Singly, in pairs, or in 
small companies, it seeks the more open places among the dunes and 
the brush, and mums the stony or bare sun-baked plains, venturing 
at times even out upon the wide level wastes of snowy-white alkali 
that covers in places the hard, heat-seamed clay soil, where scarcely 
another living thing appears, ami nothing meets the eye hut the 
blazing sky, the hazy, quivering atmosphere, and the barren land¬ 
scape. Into such a furnace even the hardy desert inhabitants might 
well enter with timidity; but beat und aridity alike seem little to 
appall this pretty tark, for us it runs to and fro on the ground, or 
circles in towering flight like its cousin, the skylark, its cheerful twit¬ 
tering song appears to be just .us happily tin expression of its con¬ 
tentment here us in the beautiful, green, flower-strewn meadows of 
the far-away eastern country, from what few enemies it may have 
it is well protected by the colors of its plumage, whose browns ami 
grays blend so perfectly mid so marvelously with the surroundings, 
wherever in rite desert the bird may chance to be, that to disappear 
from sight it has only to remain at rest, 

The low rocky hills, with their scant vegetation of small shrubs, 
which rise lieyond the sand dunes, luck but little of being ns un¬ 
inviting as the plains, yet the sprightly rock wren claims them os 
!ik own particular abode, Amuug the rocks, bowlders, and little 
ledges he may be found busy am! active, and, though alert, not over- 
shy or suspicious. If started up from work or rest his quick, jerky 
flight to the nearest point of observation preludes a sharp, harsh 
note of interrogation and alarm, almost startling in its suddenness 
and volume, which degenerates into & prolonged sputtering scold, 
ns the bird works himself into a ridiculous frenzy of voice and of 
art ion over what he doubtless regards as a wholly unwarranted and 
quite reprehensible intrusion. But bis is an acquaintance that niav 
well be cultivated, for once we ore in his confidence he Is found to 
he more than ordinarily interesting: he will sing for ns, and this 
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performance is by no means monotonous or unattractive; or, con¬ 
fiding in our friendship, ho may even lead ms to the spot where, 
protected under un overhanging ledge or hidden away in a crevice 
of the rocks, is his little home. Ilia lot, with several voracious 
tnouths to feed in this all too barren land, might readily seem to be n 
hard one, but this is only apparent, for the desert yields to tin? patient 
toil of this little worker far more than falls under the guzo of the 
passing traveler. 

A region of dry hills and vales, with occasional mountain ranges, 
succeeds the Carson Desert on the east, extending, with scarce an m 
torruption more important than broad valleys, all the way to Utah 
mid the Great Salt Labe. Typical desert vegetation covers this 
whole area: greasewood and other thorny shrubs in the lower vol¬ 
leys and on the hot slopes; sagebrush on the higher ground; and on 
many of the hills scattered Junipers, which with their deep color give 
a little more variety to u needy landscape. 

Characteristic forms of bird life, too, are here to be found. 
Haunting the cliffs, the canyons, and the rocky slopes, wherever its 
fancy dictates, the Say phoebe becomes almost an essential part of 
the scene, and many a time, though out of sight, announces its pres¬ 
ence far up the hillside by u tremulous, mournful call. Perched often 
on some commanding out post of the did, or on even so humble a place 
as a fence-post by the roadside, it makes freijuent sallies into the air 
in pursuit of its prey, or at times, ns it seems, simply in sport. It 
nests usually in some niche along the cliff, on a little shelf in some 
cave, in nn old well, or about the timbers of an abandoned cabin, 
much after the mann er of the familiar eastern phoebe. 

Few birds are more characteristic of tin- chaparral through nut 
this region, and in other parts of the Great Basin as well, even toward 
the south, than the lvhite-rumped shrike. Sinking from the sum¬ 
mit of the bush cm which it may happen to rest, it pusses in rapid, 
undulating, well-sustained flight through or barely above the brush, 
its gray and white particolored plumage curiously suggestive of the 
mocking bird. Quite as individual a trait as its flight is its almost 
motion less jmjsc on the top of a bush or post, where it waits and 
watches with seemingly limitless patience. But Jet an unwary grass¬ 
hopper cross its vision, or even n thoughtless little sparrow venture 
too near, and instantly it dashes away in pursuit of the intended 
prey. Ruthless, cruet, and wasteful it is. and has fairly earned 
the reputation that its name “butcher-bird ” implies; for, not content 
with killing for use, it carries on the work of slaughter as long as 
opportunity remains, and, after its appetite is sated, Lnipa]es its fur* 
ther victims upon the long thorns of the desert shrubs or the barbs 
of the wire fences. Xor is this, even in such a Lund of famine, a wise 
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provision against future need, as might naturally be supposed, for 
seldom does the shrike return to these relics of its former successes 
save only in passing on some new foray. Its nest may be found hid¬ 
den a wav in some bush* guarded by u veritable chevaux-de-frise of 
branches and formidable thorns; and if eggs or young are there the 
parent is well-nigh sure to appear dose at hand in vigorous defense 
of its own, ofttimes approaching with apparent loss of all fear, 
scolding energetically the while* 

Attractive alike in song, bright dress, anti confiding ways, the 
house finch is particularly welcome in the desert. About the cliffs 
and rocky slopes, or among the cottonwoods along the streams, it 
is not less at home than when it comes around the much house or 
frequents the streets of the town with all the familiarity of the well- 
known house (English) sparrow. Though thus in somo of its habits 
similar, yet it has few of the obnoxious traits of that i>est. It bn ibis 
its netd and rears its young about the bouse, under the eaves of 
sheds or bums, in walla, caves, or in any such place that gives prom¬ 
ise of requisite convenience. Pleasant indeed it is. at early morn¬ 
ing, ere the heat of the day hafl dried up the fountain of action, to 
stroll along at the foot of the rocks down to some tree-sheltered 
spring iu the desert, and to hear from all around the many voices 
of the birds, as led by the house finch they join m matin chorus; 
an experience that seems not u little unexpected, and strangely at 
variance with the surroundings, hut which for this reason nil the 
more strongly emphadzH: the thought it suggests, that contentment 
is a condition of mind rather than of environment—that the house 
finch is h«ppy in spite of his living in the desert. 

The bright starry night of the desert Inis its birds as well as tlm 
day. Scarcely has the darkness begun to fall before the poorwill 
ni ,jy t* heard mournfully calling from over the valley, or seen in the 
deepening twilight seeking the margin of the water or ail open place 
in the brush in pursuit of its insect prey. Very like a huge moth 
it b, as it glides low on noiseless wing, flutters for an instant, drops 
to the ground and is lost to view. Owls, little and big. from time 
to time boot in the hills. Among them is the giant great horned owl, 
whose nest may here be found perched on a crag, for tho exigencies 
of a treeless country compel recourse to unusual nesting sites, and, 
like the large hawks, the owl takes to the rocks. 

In the wider and higher valleys and on the far-extending plains 
where the “everlasting’’ sagebrush prevails, here but nowhere else 
tlic renowned sage grouse makes its home, ijocure in the excellent 
protection that the brush affords, the bird rarely takes flight at the 
advance of a possible enemy until closely approached, when with a 
loud whirr it rises with apparently great effort until the tops of tho 
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bushes aro cleared; then on powerful wing it travels swiftly and far, 
at length sailing like the prairie hen anti disappearing aver a knoll 
or down into the monotonous expanse of sagebrush. At the nuptial 
season the curious actions of the umlc draw more than casual atten¬ 
tion, as with tail spread. neck and fore-breast enormously inflated 
and thrown forward till they brush the ground, he mores pom¬ 
pously about. Besides the sago grouse, the sagebrush country has 
other avian inhabitants: the abundant, widely distributed lark 
sparrow starts up all along the roadside, displaying its prettily pat¬ 
terned tail as it flics, or from over in the brush regales the listener 
with its vnried song; the more humble Brewer sparrow sings its 
melodious little lay, or, perhaps, too anxious, betrays the secret of 
its home in some near-by hush; the sage sparrow, becomingly at¬ 
tired in black, white, and gray, flits through the shrubbery or’nins 
rapidly along the ground; the trim green-tailed towhee skulks 
elusivdy, almost mouse-like, under the lushes, or from some hidden 
perch sends forth its rhythmical notes; and the sage thrasher may 
bt* heard in vivacious song, or perchance seen unobtrusively leaving 
Its well-hidden nest* 

In the grass or rushes bordering the springs and ponds the lit lie 
western savanna sparrow is often to be found at home, and among 
the tales or in the thickets along the streams the western yellow- 
throat and the song sparrow find congenial surroundings, though 
neither is by any means so common ns in the East. 


I [jc- wide expanse of the Great Salt bake* its mountainous islands* 
its muddy or stony shores, the level lands along its borders, white 
with soil and alkali, and the fields in the valley* made fertile by tin- 
niugir of irrigation, biive each a particular attraction for birds. 
Graceful terns, ducks of many kinds, together with grebes, among 
them the pied-billed, frequent the open water or the marshes, while 
multitudes of wading birds range the beach and spread out ovep the 
flats. Down by the margin of tlie lake, over the meadows and the 
marshes, the bittern heavily flies, or stalks about in dignified, secre¬ 
tive, yet appuniidly non dud nut way, pausing now and then to utter. 
With curious, not to say painfully ridiculous, contortions, its hollow, 
strangely resonant notes, but ceasing and turning to a statue well- 
nigh invisible at tbc slightest hint of danger. The wild-eyed, wild- 
voiced, will-mannered long-billed curlew guards its preserve along 
the Take wit!, jealous rare, and at any act of t respass pours forth a 
torrent of abuse tint is intended to lie very threatening, but under the 
circumstances is vastly amusing. Thera are bright-plum aged orioles 
in the cottonwoods j sparrows and yellow-throats in the thickets along 
he sloughs; ho^e wrens about the dwellings; western nwulowlarfa 
that n* from the meadow where the bobolink soars and siu«s; 8 nd 
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big Swaineon Lawks that come and go high up in the blue ether. 
.Some of the rocky islands that ascend precipitously hundreds of feet 
from the surface of the lake, dry and barren ua for the most part they 
seem to be, support a bird population by no menus inconsiderable, for 
here, among many, or® the house finch: the brush-h>v iiig sjige 
thresher; those birds of the chaparral—the black-throated. Brewer, 
nnd lark sparrows; the well-known catbird of eastern thickets; the 
homed lark; the modest little flycatcher; the white-rumped shrike; 
and that lovable little songster, the warbling vireo. 

llie stranger in these deserts is at once impressed with the pallid 
vegetation, so fully in keeping with all around ; but in the southern 
part of the Great Basin — in extreme southern Nevada, western Ari¬ 
zona, and southeastern California—this monotonous color tone is 
relieved by the dark, rich green of the shiny, resinous leaves of the 
handsome creosote bush, and in places by the great tree yuccas, whose 
branches, spread in strange, even fantastic, shapes, support a massive, 
spiny foliage. 

Here, out in the brush, lives the Garni *1 partridge, often m great 
numbers. Ordinarily, if venturing from iti chosen rover, it is ever 
alert for the signal of danger; hut if unmolested it iaicomrs in due 
time and place so unsuspicious that it is scarcely alarmed even when 
the passer-by is near at hand. The ash-thruated flycatcher, unob¬ 
trusive, yet by reason of its abundance, conspicuous, is otin of the 
most distinctive birds of the desert, nnd its mildly strident cull is 
one of the common sounds. The active and excessively shy Leconte 
thrusher is far more difficult of acquaintance than some of it^ T.elgli- 
Urs~ but its delightful song nnd odd, interesting ways abundantly 
repay the painstaking observer. The cactus wren is particularly 
fond of the great tree yuccas and the tall cactuses, where his rough, 
globular nest is so tuueh in evidence; hut. modest architect that he 
is, he presents to view not Limadf but only his work. The far- 
famed mocking bird, too, so oft proclaimed the prince of singers, 
here “wastes his sweetness on the desert air, but finds hardly so 
euiwreninl a dwelling place as in some other dimes. The Costa 
humming bird, midget though it is, defies the heat and the drought 
of the desert, living here in apparent happiness and comfort; the 
little yellow-headed verdin fashions its curious retort-shaped neat 
in the bushes, and, more provident than some of its fellows, repairs 
the same one for winter use or builds another; in the canyons lead¬ 
ing into the hills and the mountains, where the strikingly attired 
phainopephis congregate to chat and Cat and the cliff swallows are 
Kuril v engaged in their household cares at the colonies of their 
closed v crowded homes on the rocky walls, the sweet-voiced canyon 
wren "fills the air with ringing melody or, exulting in its impreg- 
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tiuhli* fortress, flings down n note of taunting defiance; the golden 
eagle, holding hiiusejf sternly aloof from his neighbors, wheels about 
his eyrie on the crag or, leaving it behind, soars majestically out 
over the valleys; and the Texas night hawk, in its pursuit of insect 
prey, silently at dusk haunts the vicinity of the springs and Likes 
and streams. 

Few places then? are in this or any other country where desert 
conditions are more intensified than where, walled in by ranges of 
barren mountains and partly below tha level of the sea, Lies the 
famous Death Valley of California. Yet even here bird life is not 
wanting. The ubiquitous killdeer frequents each pool and stream 
and little marsh, and by its petulant erics, at times continued far 
into the night, makes itself known. The mourning dove, common in 
nil the great West, is here so regular a visitor to the springs that 
its presence betokens almost with certainty the nt>ui-n«sa of water. 
Here, too, that strangest of all strange birds of the desert, the road- 
runner, though shy and retiring, betray* itself now by tell-tak foot¬ 
prints in the sand, now by occasional distant fugitive appearances 
as it runs among the bushes or, with head and tail erect, pauses mo¬ 
mentarily to survey its surroundings. The rough-winged swallow 
is found about the springs; the least vireo in some of the lower 
mountain canyons; once in a while a kingfisher wanders over 
into the valley; the powerful-winged white-throated swift comes 
down from its inaccessible home in the dills to hunt in the low 
country: vultures appear at times in search of their grewBome re¬ 
past; and the hoarse croak of that sombre-hued bird of ill omen, the 
raven, is a familiar and peculiarly suggestive sound iu this valley 
of solitude and death. 


THE DIVISION OF INSECTS IN THE UNITED STATES 
NATIONAL MUSEUM. 


ft}- J* If. Aluwcb, 
jiiitHtlate. Curator. 


[With 15 [ilutea.] 

hi stonr. 

The Insect collection of the National Museum owes its I* "inning to 
Dr. C. V. Kilev, who became Chief of the Division of Entomology 
in the Bureau "of Agriculture in 1878, He brought with him from 
his nine years of great activity as State entomologist of Missouri u 
good working collection of the insects commonly met with at that 
tiiuss in economic work, as well as many others accumulated along 
with them. The Kiley collection was formed with ft very distinct 
practical object; os a standard with which to compare injects en¬ 
countered in the daily work of an economic entomologist, in order 
to find out the extent of distribution uf injurious forms, or to be 
sure that specimens referred to him for name were really the same 
as those which had proved to be injurious or beneficial Tlds Eorl of 
work, very elementary at first, gradually took on a more specialized 
character as the number of insects important in agriculture increased 
with the growth of economic entomology. The few assistants on 
Riley's staff took up various groups of insects for study in their avail¬ 
able* time, and bv collecting added largely to what had been origi¬ 
nally brought to" Washington. In 1882 Rilev deposited the collec¬ 
tion for safekeeping in the National Museum (old building), and was 
designated honorary curator of entomology on tlio Museum stuff. 

In 1886, in consideration of the appointment of an assistant curator 
to be paid from Museum funds, Riley formally transferred the whole 
insect collection, then numbering some 1L5,00G specimens, to the 
Museum; as before, however, it continued to receive the attention 
of specialists in the division, and to serve the same economic pur¬ 
poses. The assistant chosen was John B. Smith, of Brooklyn, who 
remained about three years and then became State entomologist of 
New Jersey, After his departure the position was unfilled, but 
Martin Linetl was appointed aid, continuing in this grade until his 
death in LSSKk 
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various specialists wu wikiuhiui no niiiioiisil collection of insects. 
Kilcj s pretlwcsior, Tuwnend Glover, lud preserved specimens only 
for illustrating and identiTying them; in consequence his rtinarbUe 
vraik left but little impression upon the national collection. 

I'pctn the foundation laid in 1SS0 as above indicated, the insect 
collection of the Museum Jins grown by the addition of material from 
niiiny sources. The principal collectiuns acquired through Riley's 
influence (up to 1895) were those of the following collectors; 

John B. (mostly LepJdojrtvra and Culeoiiu^rah 

AllirtJu L. ItItjl‘ 1] (Cdlcopt^). 

a XV. Biifnice lawn* from Texas, but Inctolinir 

PiiloeMmiit nmi ^-meudptu m h 

H. K. Motrin*, f mlartMnnwma inserts from the WMu- Mnuntaliis 

™ Aew Hampsluw. and the West; man; named <‘.>lLN>ptenO. 

Asa Fitch, dm Sun? entenjoJoirtat „r New Yutk tmis-riljiiKwH Insects. with 
soeuu typas enquired tonj; after hl» d^tli l 
% fus tluaniaa, State uifomoto^L of Illlimi* ^r»^hufif*?r*), 

S. W, WUU&toti (type collection yf SynUdduoK 
(.h&. Siprs (jfTdd^m Mill otlti r ariiekaltig). 
tl EL. Bolliuiiy {tu>’rl(.jj«.nld), 

The sudden death of Riley in 1595, and the appointment of Dr, 
UU Howard,h.ssnccessor in tho Agricultural Department.as honor- 
ary curator in the Museum, was another point - -f importance in the 
history of the collection. Simultaneously w ith Howard's appoint¬ 
ment several D f his economic staff were designated as custodians in 
the Museum: (wpjillett In Diptem, -Vshmead in Hvmenoptora, and 
bebwara m Coleopterous Larne. O. F. Cook, of tho Bureau of 
i hint Industry, was made custodian of myriapods. The meaning 
of these appointments was that the men were recognized as authori- 
tu-s in tho groups under their charge, and worn expected, while con- 
tmiung on the pay roll of the Agricultural Department, to give much 
;V lh °; r tu f ^ ^"tifying insects sent in to tho department; and in 

I!” th,! '' otIt tlM » l " cWf >- i ° , p row > »«<i»-» 

The entomological work of the Department of Agriculture in- 
ernised rapidly from about Ibis time: what bad been called the 
Division of Entomology became bureau shortly after. Its field 
stations With an enkrgiag number of worker, bought ever larger 
quant! tea of material to Washington for identification, « I 
STrS? ,l ^nal inerrose in the number of custodians. In im 

!dv!n ST?" P Ti T* f in 1*99 Schwarz was 

given Cnleopteru. and Banta Anwhnidu. Others were added later 

The completion of the new Nation^ in 1908 afforded Z>m 

for the Staff, and the collections were segregated and placed in 
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several rooms. W. XL Ashmeud was (UHiatant ntrafor from 1098 to 
IDO?, H. G Pyar for H few months, and J. C- Crawford from 1008 
to 1 Dll, and associate curator to 1919. 

Under the adminbindion of Dr. 1 inward* the principal collections 
added up to 1900 were the following: 

The Hubbard and Schwarz collection, mostly Coleoptera and their 
hirvie; this was accompanied with the entomological library of the 
donors, rich in complete sets, which formed the foundation of the 
presenl library of the division. 

The southern California collection of D* W. Coqmilett, comprising 
mainly Diptera and Coleoptern, with some important Hymenopleni. 

Additions since 1900 hare been numerous and important especially 
in Lepidoptera, Ilynienoptcra* acid Metniptera; but the Emits of 
space forbid continuing the analysts further at present. 

A few lines may, however, be given to foreign collections* in which 
the beginnings have been in general more recent. Some named for¬ 
eign material was included in several of the collections noted above. 
In 1905-6 Busck and Knjib collected in tropical North America un- 
der a grant from the Carnegie Institution, mnsqili tcies being flic prt- 
mary object, though insects in other orders were also scoured in :-;ome 
numl>&rs, In 1907 Rusck collected in the ('anal Zone under the 
auspices of the Canal Commission. In 1911 the Smithsonian Insti- 
tntion made a biological survey of the Canal Zone, in which Busek 
and Schwarx participated, Busck continuing die work the next year. 

In the butterflies and moths of tropical America the Museum be¬ 
gan to receive named material from William Schaus in 1901, the 
result of his own expeditions; his life work in thin field has been 
generously devoted to the Museum, in recognition of which ho was 
in 1019 made honorary assistant curator of insects* 

Dr. W* L* Abbott began sending to the division his collections from 
tropical Africa and Asia as early m 1880, and has continued to the 
present, his many shipments running wdl into the thousands oE 
specimens. 

The custodians of various orders have in the last 20 yearn givei. 
increasing attention to exchanging as a means of acquiring name*I 
foreign insects, and through this method there is a constant growth 
of the foreign collection* The almost inconceivable tmtuber of kinds 
of insects in the world makes the undertaking a slow one* even to 
achieve lie re and there* for limited groups and for limited parts 
of the earth's surface, something approaching completeness, 

punch *>NS- 

The Division of Insects, as will appear from the preceding histor¬ 
ical skeich, is organized on a cooperative basis. The Bureau of En¬ 
tomology of the Department of Agriculture, which employs a very 
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lnrgic stuff of entomologists in economic work throughout the United 
Stiles, concentrates here the work of identifying the vast number 
of insects that are sent in. Such sendings come in large part from 
its own agents, hut almost as many come from officials of the State 
experiment stations, and no small number originate with the general 
puldie, Thu staff nf trained sjMTinlists which docs this iiufifipensa* 
ble work is furnish^} by the Bureoti of Entomology^ which also turns 
over to live Museum each year some thousands of inserts that have 
been reared nr coUected by its agents in the course of their investi- 
gntions. 1 1 lie Museum f on its part, provides an associate curator 
and two preparatory and working ijuarters for the stfl IT, as well 
as furniture and fixtures* insert cabinets, and entomologicitl sup¬ 
plies generally. The older specialists arc designated by tins Museum 
ns honorary custodians of the various groups (several have been eta- 
iug this work for periods of time extending from 15 to 40 years); 
they give such portions of their time as are not required iu ideutifU 
cation work to the general improvement and classification of the 
collation. 

This system has resulted in the accumulation of a large and well* 
classified collection of the insects of the United -States. Something 
1 ms been done in getting together the insects of other countries hIeo*; 
but considering the enormous number of kinds of insects existing in 
the world, the foreign collection is still comparatively very small, 
and its increase is considered one of the foremost needs of the 
division. 


The economic importance of having a large and well-classified 
collection of foreign insects might not be evident at first glance, but 
can be easily demonstrated. 

Almost all the first-class insect pests that we have are foreign in 
their origin. Many have been traced bark to very nearly the exact 
time and place of their entrance within oar burdens. A few of these 
may be cited to emphasize the point. 

The gipsy moth, which lias done great damage in New England, 
nnd is n source of some hundreds of thousands of dollars of expense 
every year, was introduced from Europe in 1869. The brown-tail 
moth, in the same region of the United States and only a tittle less 
injurious and exiMsnsive. came from Europe in 1893. The pink boll- 
worm of cotton, for the eradication of which an elaborate campaign 
} l!,s hwn *¥?“? on ff,p fevcral years, was introduced from Egypt 
by wav of Mexico, reaching the edge of the United States iu 1915 
•n," Eur,,j*.„ pm. «<rfly (pi 10) into X „ K% h„„,i ,l. )nt 

1S " J 1 " f*p™» P*«<* '»«h 1 from J.p,„ „boot in ynr s 
ago. The European corn borer, which is making its way westward 


1 Th* ilu^rnra alvei r*rt*irti qcflf^rtal fiiimUnuii 
Blfl-I^tlra.1 So rwj, 
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from the Atlantic coast, wns introduced frbotfi four years ago. The 
rollon-bolt weevil came from Mexico about 1893; The European 
pine-riioofe moth was mt&dtiocd about tttlS, The Japanese beetle 
was discovered in New Jersey in IM0, and nt present an expensive 
campaign of extermination is in progress, financed jointly by the 
Mate and the Federal Government- 

To prevent other dangerous tatroductions, the Federal Hortkul- 
tural Board was established n few years ago; among other activities, 
it has a system of Inspection of vessels and cargoes at seaports. In¬ 
sects found therein are sent to the staff at tho Museum to determine 
whether they a re likely to lie of sufficient importance to justify con- 
detonation proceeding or quarantine against shipments, lienee in 
the last analysis Elia Museum staff decides this vital question. Rut 
how nre they to know? Evidently the efficiency of their work de¬ 
pends very much upon having access for purposes of comparison to 
a well-classi fied collection of the insects of the country involved. 

Aside from the very direct economic object just mentioned, the 
fdudv of insect life from a world viewpoint is desirable for another 
reason* The distribution of existing species of animate and plants 
throughout the world has been determined by the evolution of life 
under tho conditions prevailing in the past and present The laws 
of evolution can only he determined by prolonged study of existing 
and extinct forms. These laws must be of great importance to 
humanity; how great only the future can disclose. When Darwin, 
before publishing his Origin mf Species, spent more than 20 years in 
patiently collecting the facts which would convince the world of the 
truth of hia principle, he dad not stop to calculate whether bb work 
would have any economic results. He was interested in petting at 
the truth. Yet the most far-reaching benefits to humanity have come 
from the acceptance of the evolution point of view and more sire to 
be expected as a fuller understanding of the laws of life ts attained. 
Most of what we now know about human heredity hits been entirely 
reorganized and given new significance through discoveries made by 
breeding experiments on certain flics {Dr&soph iEa) + There are other 
great possibilities in the study of the lower forms of life. And in 
this study national lines have no existent: a world viewpoint is the 
only scientific one. 

Adding to these considerations the further one that insects offer 
innumerable illustrations of exquisite beauty {as shown in slight de¬ 
gree by the colored plates accompanying this article), it may justly 
lie add that there are reasons economic, scientific, and esthetic for 
the building up in the Nation’s capital of a world collection of in- 
sects This is the primary function of the Division of Insects. 

* Wltlla fMfl arUti-Jf* fax La ^rffHintJoa a FprcUlixT la tSi* Utunjffl nn^thfr 

JiptoeH BKi* ft™ wltMn Ibc GULfed fetal** for lla* Ont Ueie, itid It li a *W m4tf 
iurlbrf IsTEStlf^UnjL. 
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Allied to this and almost a pm! of it, the Museum should furnish 
sudt conditions of safe preservation that private collectors would 
make it the ultimate repository of their collections. It is an indica¬ 
tion of prepress in this direction that the describing entuniologisls of 
the country arc quite largely sending in their type material, or at 
least para types, without waiting to put the gifts is the form of a 
bequest. 

To make its valuable material available to advanced students under 
regulations, libera] yet consistent with the permanent preservation 
of the specimens, is a third function, .V large number of entomolo¬ 
gists visit the Museum each year to study the collection. 

To promote a popular lute rest in its field through exhibits, lectures, 
etc., is another very clear function. Owing to the fact that the per¬ 
sonnel of the division is almost entirely derived from the Department 
of Agriculture and has duties primarily economic, but little has yet 
been accomplished in the direction last indicated. 

INSTALLATION. 

The Division of Insects now occupies eight rooms on the third floor 
of the New National Museum Building, with a total floor space of 
4}.lfH) square feet. Tho space assigned to the various orders is in¬ 
dicated on plate 1. 

Hie pinned collections are kept in nteol cabinets, constructed fu 
unite holding 50 glass-covered drawers in two columns of 25, each 
column having two detachable steel doors {pi. 2), The drawers 
uri! about 13 inches square, and are finished in two styles. Tn one 
cose they are lined with compressed cork and the pins arc inserted in 
this in the usual way; this method is used for butterflies and moths, 
dragon flies, and some other large insects. In the second style the 
drawer Is unlincd, hut is filled with four columns of deep pasteboard 
trays of uniform width and multiple-unit length, which are cork- 
lined. Each species is kept in a tray by itself, which can readily he 
lifted out for study or for rearrangement; the number of specimens 
on hand of the species determines the length of the tiny used for its 
reception. 

Alcoholic material is kept in vials in tin-bottomed trays. labeled 
oa the end. 

Microscope slides arc used for preserving lice, fleas, and some other 
groups whore the size b BUfcHjl t as wall os for extensive collections 
of dissected genitalia, other anatomical preparations, east larval 
skins, mosquito larvo?. etc. This method of mounting «cms to be 
increasingly in favor for small insects as higher powers of magnifica¬ 
tion gradually come into use. 

Type material is recorded under a serial number, which is the 
same for all the specimens uf a species. Each specimen 1 tears a red 
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IeiI^I with this number* and the word 41 Type,” w Allotype,” or “ Pura- 
[jpo/ 1 In the Division of Imsecte the record of these numbers is in 
the Kiitb volume and include numbers 

INVENTORY. 

In Eiley estimated the collection which he transferee 1 to the 
Museum ni more than 116,Olid specimens. In his import for 1804 he 
estimates that the collection contained 45,13*10 species of insects, roprtv 
sented by 010*000 specimens* In 1901 Dyar announced by actual 
count 10,653 species find 12ft,739 specimens in the Lepidoptera. In 
1005 in st special report Schwarz estimated the Coleoptcra at 30,000 
species. There appear to l*e no oilier estimates on file until Juno, 
101ft, when an effort was made to get an inventory of all the orders* 
On account of the magnitude of the task and the shortage of workers: 
in some orders it was necessary to make estimates rather than ahsn- 
lute counts in some cases; these, however, were mink from examina¬ 
tion and arc conservative. In sumfQ&rixmg below the results by 
orders, the items arc reduced to two—the number of named spcck-s 
and the total number of specimens. Of these the former is by far the 
more significant, as a sjiecimen may l>e anything from a duplicate 
housefly to a moth which a generous benefactor purchased for $PH> 
and presented to the Museum, In groups whore single specimens are 
likely to have little value the figures have, however, been reduced to 
a very conservative basis—in scale insects, for instance, only sped- 
metis mounted on microscope slides are included. 


Summary nf rttNcrftofl, J««C, t$t*K 
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The collection is unique among those of the great museums in the 
large number of immuturr stages which it includes; this is a natural 
result of the immense amount of biological work on insects carried 
12573'—21-25 
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on by the cleeely related liun-an of Entomology. Material illiwtr.it- 
iftg life hisiaries, the intern* * hit ions of insect gpectat through prirntit- 
wtn umt otherwise, anti other biological phases of insect life is con- 
stimlty accumulated by bureau workers; twit! after having served iis 
immediate purpose os & basis for economic bulletins it is deposited 
in die Museum. Thus there has been m'cumulated u biolngieul col¬ 
lection which in parasitic Hjinenoptora and Dipt era, ami probably 
in some other groups, far surpasses that of any other Museum in 
quantity of reined innterinL 

Use. fart that nl! of tht? Museum *taff In tbo dirwn have been 
more nr Jess OMupicd witli the tijUiriny of inserts in the course of 
economic .studios Inis always kept the biological aide upperrao&t in this 
division* 

' PKHSONNEL 

(April 1 P 1020,) 

AdmUSffcnitfTfj" 

Huwnnl. hnii«mry tumor, 1, 

J- Ji[. Ahlrklu rif^K-ian' euf&tdf. 

William Schmts* bnnotnry n«$ntfiuit curacor." 

H^-lnURta: 

in O^ooptera— 

B- A, Scbwajx, honorary custodian. 1 
H. a Barber.* 

Adum Btirlng (lnri H'J * 

K C. Cmlgliciifi ikrTzK 1 
W s, FJaher* 

In Lopl^opiem— 

J1 G. I>yar* bonomry cnBtiKllnii-* 

Aogtm 

William Sriiau^ 11 
Curl HdorteiL* 

In Orthopiam— . 

A. N« DuutML baniDrary tusliHlUtn- 1 
In 1 iymt?nopH-ry — 

a. A. liohwtr, Isonumry custodian , 1 
A. II. Gttliem . 1 
IL Aj CuhIuhiul 1 
William a| r Haqil 1 
L* n. W*M* 

In HiMiU|it^ra— 

K- IL GSNon, hoFVnf^ry crtjtodUw* 1 

K- n_ SCsl* Itiwla/ 

A, C, Blitkrr, 1’itrLTlT lice* 1 
IlnniFrt Mtiri-lafiti. sralt Inserts* - 
In Uhltmnlii a till othtT KpiuHgttrraldB— 

TL P. On etU\ honorary cTiatcw llnn * 


•On Ibfr nt3trrii3 yf KnlDnipIqrgj atlBL 

* fniHaiitmj-F. OHttttig tteif ptittIc**. 


Od lb t. Jlurrnn of 1’lmnt tin!? 
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In Dtplmi— 
j. M + Aldrldi- custodian. 

Charles T* tltvene. tnuHiriiry iiRglstam ettotndiaiL* 

H r CL I *y sl r„ 

Iti Jnujitunt— 

TV EL Saytler/ 

In Aniriinhlu— 

II. fcL Ewinjt 1 
In M y rln£iiKlii— 

(X F. Cook, hry custody" 

In addition to the srientifk staff nx lifted, there arc 10 preparatory 
and vlerinil heifers furnished by the Bureau of Entomology and 
two furnished by the Museum* 

ILLL'STtiATl'WS. 

Since the division, owing to ilie peculiarity of its organisation and 
the nature of its material, is nut able to resell the public to any 
great extent with exhibits up to ihe present, a few plates have l-ieen 
specially prepared from Museum specimens to accompany this 
article Some of these repVrifcnt groups of insects from a local 
standpoint wiih notes on habit*.; other platen show related insects 
from a distant region or from Mattered localities, Species of beau* 
tiful colors nr striking fonn have to some extent been favored in 
millsing the selections, and it has not been thought inconsistent with 
» popular aim to include many rarities which hove never l«?fore 
been figured. .Acknowledgment is made to the Bureau of Ento¬ 
mology for the services of Mr, Snodgrass uml Mia? Cann^dy, 

EXPLANATION OF PLATES. 

F ^TZ I, 

riround plan of rooms nctfaplff] Uy tb<? Division til Inject*. «m th>> third Jlixir 
vt ilw new Nallnjual Mused to. 

Pu-TR !L 

Ono f^icel cabinet unit, open lo nhmv iirnwen* cniiE(Lining Oji-- plimnl Jnsect*. 
B*toto w rain drawer Ailed with nnli tmyx for small Injects i ntnjtlter cuqWlMb# 
lnrp? lasecte out la unit |rayn. 

Platt S. 

Kur^i ^ntha horrkin Bntal. From New Gnin#m. Natural slBelong Co the 
walking slick lam Ely of tbc nnJ*T Orttroplcre- The rtpceLnaen Is n female, 
nnd tbi* R'T licizx hereto fun? bflem Ogitred- 


*On IKr IJurwiu uf Kcaiinwtofy nufi* 
1 Voluntary. iliiauikiij; tiwlr M'rvku*. 


‘On Ole 0<in an of Hthi InJuptrj BlufT. 
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Plate 4. 

Additional iiflhoiiierouB Lnsccta. Natural slaw*. 

1 . stiipnwhiom iHMlonkma JSttis^ A kfl tydlil fmm FtotJdfl. 

2. Fhjfjio/itim riJbonotaM verify br&ripe* CattfL A katydid with rudimentary 

winiat from Arizona* 

& EfTKi of No, 1, attache! to a twig. Florida. 

4. Arcftiwemdrina marm&mto Stall. A iriickrancli from Nicarapla, 

G l Younts fljH.'Choon of No. 4. from OisU ItJca. 

Note.— Noa* l, 2, find 3 Dot previously flguraL 

Plate 5. 

Linusonfili-s (order Odonnta), Natural alre, 

II (Pofopfcrv# i^jIrfM/rru Harris, mole. from Spata- 
% fchinot'yphn frm'MtrrlUi ItaiuTmr, mule, from lower Siam. 

3. tfAiVtufn rprinru Fnbf*. female from Maryland. 

4. Affriea rtmMitrJum vasHety uplmic Hum,, male, fmm Maryland. 

5. Aruta fumlpvmtfM Bunru mate, from Florin. 

0. P^dofcon #uperbug Ho^a, female. from Arizona. A Central American 
sjiecTcs runging north wan! u> our Southwest. 

7. A'rin nnthrmi* ftcdo Uhlor, female, from Maryland, 

a P«r*fh<w#tb ttaroifta Drury, female. The specimen Is from Maryland, Hot 
IDO species occur* widely In tropical and eastern North America. 

D. <7dK//prmb eHw Hunan* female, from alary land. 

PiATH a 

Ne mapi eroid iuBwcts. Natural nim. 

1. titiUiQFteryf ro*fnJr* N. An ftnt lion from West Africa. 

Zl a wiiittphu* ntmtmrt McLucM., from Jsjmul 
a Punurps mtpHall* fSomL A scorpion % from Texas, 

4. /totprfpcchofcf pwnrffifvJ Fubr., from C'aiifomLn. 

5. AoffufAudMl awicrfcflJia Drury. An ant lion from Virginia. 

FIAT* T* 

Two-winded flic i.»nkT Tdpcera) of the family Bonilijlilitae, Members of this 
fsindty a* 1 imraBitle In the larval slntse upon other LnsecfctL All natural size. 

1. fjjnsjprfj mo jwp prr^ciMti Jneonlckf 1 . from MlHidralppI ; wurs wmthWlttl to 
< Vnt rn 1 America. 

2 i.'jtfjeti j^urj m a Knbricius p from Germany. 

■j, ffjyji- rtifonfo Acid Erich., from Mexico; occurs in GulnnfL 
i:xopm4Qprt dwM/hrtiiif* Hueqmirt, from Canal Eone + 
fi. ji wn rlOif ir« Fahr.p fmm llttLllliH Ijl 

6, /I-uippHtfNiii tftei r>lor MLtesti. fmtn Eurojsfc 

7, A'sfljmotopa dorvutfton i telco Sadkcn, from Utah. 

8, Fraproiofra Stiy + from Utah. 

a ff^pmv/oafo i.rurfmrf Hri Knob, from JamaIra. Typc- 
tOL ffpiVT'u/’pnfa Mucqnirt, from Guatemala. 

I I fltt^niionia rcrhcni* F&br,, fronj Porto flton. 

12. phifpj Wled,* from Mount Waahlnitou, N, EL 

13l flfi 1 fieri)lofifn f outiPlifA U*br H from 4av«, 

14. AnfftfM otrdrr-cpiuta WlfflL, from PuiW^ 


DIVISION OF INSECTS'—AEJ7B1CH. 


3T7 


I 1 !. ATE S. 

pmisidcuuiiE beetles C order Onteoptora) from the vicinity of Wai&ilEgioti, l>. P. 

Natural 

I, tfmphinntu* xhnrmtikpri Lone. A btiilshdironnHl bet lie fmirkil rarely In ihr 

wooded ravines of Rook Oreek Park nml alone the VS rein In shore of the 
Potomac above the city: adults are found in September, They feed mi 
unfits. 

!L tfaiauftna icrafafer F«br, A tnre-dtinhlTig, green M caterpillar banter," afrert 
ahumlulit in early summer, 

3_ _.|f ( jt|.j) oni^/iit LJun. The “eyed e later,* the mo^i eimspleiums of our native 
« snapping beetles, 11 wbw larvae follow und prey upon tbe young of wood- 
liorlng brede*. The hi nek *puta »r& of course. not the *-yp*. which are 
situated uu the bead. 

4, /lorru-JT permm** Say. One of lb* I*fl9 eonimon slop: Ijeetkw* family 
LncuuJdue. 

a draafAonav* nwloaw* Fabr, A gray nhd Mack M long bom " l)C*th% wl«w 
larvae develop under bark of pine, and whose protective cobrntiOD makes 
the adult nlunwt Invisible when re#Uu* in ibe crevices of pine buck, 
a Qmnodrrm* smbra lleauv. A soornbaeid brewing abundantly In the itodayed 
conlrnlH of hollows hi lbe trunks of living decldunuH frees. Bauu-tlm* 
railed * Liti^ladeatber beetle," bemuse of the sliullurly of its strung but 
not itnplc&sauif odor, 

T. iferfnuj Umh OUv* A dull black beetle breeding In rotten bp: tbe larva 
resembles a wlrewurnr, 

a /.tttuawj* r hip A a* Fabr, A stag beetle, very rnre in the vicinity, hut more 
iihundiiJil In the Middle States. The taulesi have stun 11 Jitwa 

H. tttcasvj r/aimj Tluiiih. The common stag beelle. The female nh=o bus rtuioll 

jflwn. The Larvae are ** while grubO and live under nld hardwood b»ga 

nr Fi|ui]L|ia. 

to, Paiml*# ™rnuraa Fabr, The * Betsy Imhe* Occurs commonly in gall uric* 
in the soft outer wood of decaying dcHdOPtw logs, anil fa unique among 
beetl+tf In ihfLT the pair of odulmare sti^hihI to nth'inl arid rare for their 
young. Roth ndnlbt and young nre able la squeak. 

II. pinoin* curollaMj UiLik The targes* native ^fulttble Tmg M Ir Hies about at 

night and la often attracted to la m plight. 

VtJLTt. U. 

Beetle foc4«? Qoteoptera) pliGtogntpiied by H. S. Barber, 

I, tn, lb, Itaratputertr eftmdMniir Skinner, from tirowcuivlllft, Teiu-A En¬ 

larged nearly sis dhimeiera Adults occurred on the shrub Vmntaiia 

fill, 

2. /-yroifuitinj /ateruh'j Meteb. Mab, frum Paradise Key, Florida. Enlarged 
nearly sir dJnmeiera, 

S, 3 a. PtkMonar ^uhhardi Sehaan. Type. Tui?sott F Arli^nn : the larvae live io 
dead giant cartBtf- Enlarged nearly six dLamelent 
-h 4 ji. pbbnoMtAehbji jeAirur^i Pbree. PMioLuin' River above Wuahlufftrm, 
District of Columbia ithe tj-pe lorumy) ; breeila io fm\t fringe tree, 
Chlonaiuhus virgfnlm. Enlarged about eight diameters. 
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Eumpc«n pine Kiiwrty. JMpn'om tfrottr Flnrtlj^, Order RyixierinpterR, Upper, 
female; lowef h mule* ftaimefitlcul, Tlil^ Siiwl Biik I wen Ink reduced Inin 
Now Eiiiirliiuil la n?wnt years, From drawing by Mils Mary Ciinnoily. 
Greatly enlarged. 

Flate l.L 

! Iytneiiflpiuta of vnriotts fflUdUtne. Prawn by Silas Mary CmrtwJy. All fcrouUy 

enlarged. 

I. nrfcQitizitita niiiiimfftuithv, Rnhwer, a pnrasite of wood-boring beetle*. 

Mon rami. 

1L Ls ffirvli* dlptioml Hnhwn ti IwniitlLe *r snwfly lurvuv Found tn Virginia 
ami Ohio. 

a, Kuunt ittatyWirmyi Itufrwcr n m gii 11-milking so wily. CWlbraifci. 

4. ft(>r^rvrjTteuj Norton, a partial tt nf an wily wtrlety .lin- 

trlbiilnd In the United Stated 

Ft. Njwihfii* tiTiiiMJffttii* AnhmetLil, d pumphe of wood boring beetle larTtPn Fmnul 
In We*t Virginia and Nwr Vuri:. 

il AlloitonM /offtorfoe Etnbwer. u ptroKtr* *d TKJrin^ liirtm YtrgtnfiL 

Pi ate ur 

Moth 1 * 3 * * * 7 8 * 10 II. * 13 14 -* (order f#fildiiptsral frmn tropical Amorim, of the family €'-^ddiiv The 
Uirvn 1 iirt L nil Inorem In wood. None of I he ninth*; on thl* plate have t**en 
fljpml before, und tho upfeciuieiia photographed are nearly all typea of new 
#pedett- All nutu ml aim 

1, ffh'ipu jfninrJ Dynr* Type. From Mexico. 

2* flirim fisfnjfo SduvK Type* €®*tn Him. 

3. tiiviriM mmMphtm t*y*ir r Typ*. Hextajy 

l Hyptipla pol yh ilrj Sdmm tlunienmln. 

ft T Lentaffenft trUttwl Sf-hauA Tytw. rVwiu. Rtcn T 

PL f/frirrj miderfo ftehaiw. Typo. VeiHBuelu* 

7. f'j'ionoj-i.rtfiNi fJepIr.r Type. French Guiana* 

8 . JJ. mlprrrcn pavitaalftf athmm. Type. tN^tn Rloii* 

li. tauum* iHfuflfH Schnus- Type- Casta Elm. 

10. f.Vwirfu atrit** BcMaA Type. CMomlil** 

II. /Jemiptffn rti«*Wdei SrluSlbk Brllinh CirlmiiL 

11L Hawipmtrm mdfvpa fcdinui. DntrH Qnbmrt. 

13 . F*ychotimn mfmsHfo KehniiB. Type, GukEs It leu* 

14. Mvmiprften alfwran Srbauft* iLunoimilii. 

ir*. Torwri# Djar Tj'pp. PatumkA. 

ML ^rtKa^i fia ptatfUitU SelmuH. Ctw^ii MIcUh 

t*L*iTE 13, 

MMCtlhineanv ln#retA i^atuted by R R BnndKmBs. All natural size. 

i. ;*nro|Hprt ia+tux Fnbr. Pnoama, A " trm- #+ hup icmlor ni-mlptortih allied 
to ihe Ftina^h lm^ 

« ilsdi- dttK«‘ii fly tonler CWoimtu) from New Guinea In Lhe leumlc of ibis 
ft|M.*trJies Elor bind wirvffS nn- of the wwm color nv the front ones. 
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it I M cp*is WiJHplt'ta Smith, Faraguti y. A illjaser wbwii ford^r Ilfro^uptcriO^ 

-l. tfffNqtfiM toitjtftfifai CuodelL Type* AHmuu- A ^m-ssluipp^r (order 
Orthopter*)* 

p. I'wfrj^ltfAafHatfj HfftffitJ Wtod, F«ndi tmliunL A tropical two-wlnsed 11 y 
(order Dilitem)* 

g a VftOTdiurj jiAJurtanoMef Hahu* Type. JapaiL A milking* stick (order 
Orthoptcm), 

T CwiHtlkmm fUivtoaM* Spia* CliIViv A solitary bw (order Hym*ii«*?ra J. 
h" JJortfaiiM Sfiil- ClflbooiL Africa. A pR*fci*OTii <<-nlw IH-liUt^ 


AtoorlcM tropSeHt moths <un!er Lepldoplom). NatOfid *Ss*. FttlntM fnjni 
imttlfHt by R EL fioodtft-affl. None of these tara Intro UiuHtrnbsl Iwfare. 

1. f'(irfl.fi?rt MTaeam SriuiUH, Mailed. 

2, ^irAjii imijriiifdoflfl Sc^ntiHr Type. French HiiLoDa* 

X fonyla oofr«Jft*ee«f Srfuins. Co*U Rto* 

4 4 MHhrfo rtiri'iwjui Ethan*. Typ^ Gnattmohi, 
r Cerroptoiorpfto 4»M Schott Type. atwtomnlo. 
a A«#owten|i jinjifrH’zji* ScliiOiL Mexico. 

7, CttopAtf ptiJoJa Sclmu-i Scoitlwaist 
e_ Lymnd era uffnftrto Srbftus, GttatmuihL 

Plate 15 - 


American, tropical moth*. 


NattuiE Htte. Painted by R. R SnoUgra 
ban been mintflued before* 


Neither 


tipper Aware, MUxmU* «rpi Seta** Type. C il- WtPW K. D. 
Smith lush Rmrtl. 

U.wcr fljfuru, BlrpAiu etfminvtp Schiw*. Type. Meslc0 ' 
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Smrtn aqjiLin Repert, l!7r*J.—AJdrich. 


PLAT& 2. 



Wtm r^*Hi T ion it( PMt 3ft. 



















5m|{hwnHiii Report, EQ.—Aldrich. 


Plate 3. 
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Pl*T£ 6, 
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PlATE 7. 
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The FULL-Gflowk You ns Cicada f the Mature Pupa, as It Emerges from 

the Ground, 

(Tirlrc nnlurai fl±*.) 
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CKDBBGROFISD LIFE, 

Mosst of our familiar inset-la urc regulated in their changes by the 
seuHOIiS of 11 single year, Hence wp marvel at the 17 y«tr life of the 
periodical cicada, the insect generally known us tkn’lT-year locust. 
Vet there are common insects tint normally take two or three years 
to remit maturity, and certain beetles have been known to live for 20 
year.*, or more in tin- larval stage, though under conditions adverse 
for transforming to the adult form. 

Still there is something alien t the cicada that stirs our imagina¬ 
tion its no Other insect does. For nearly 17 years it silently toils In 
dreary tunnels underground. 1 hen a springtime comes when 
countless thousands of the creatures issue from the earth, undergo 
their startling transformations and swarm into the trees. Now the 
very air seems swayed with liie monotonous rhythm of tlieir song 
while the bd&fe&t of mating and egg laying goes rapidly on till the 
twigs of trees and shrubs are everywhere scarred with slits and 
punctures where the eggs are placed. In a few weeks the swarm is 
gone, and we may not live to sec their progeny return. 

Different insects undergo various degrees of change as they pro¬ 
gress from youth to maturity. .Some, like the grasshoppers, change 
comparatively little: others, such as the ninths and butterflies, go 
through three utterly dissimilar forum. The cicada is intermediate 
bet wren these extremes, It* young is a tough-skinned creature 
(pi. 1} having the front feet specially formed for digging, but other¬ 
wise. aside from lacking wings ami external organs for reproduction 
and egg laying, it is not radically different from its parents. It 
feeds, by means of a piercing ami sucking beak, on the sap of the roots 
amongst which it burrows, in the same manner as the adult feeds on 
the sap in the twigs and l.ramhi* of the trees amongst which it spends 
its life. 

Of the underground life of the young cicada we still know very 
little. The fullest account of its history is that given bv Dr. C. L, 
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Murlutt ill Ills report, “The Periodical Cicada " Bulletin 71. United 
Statcis Burea u n f En tom ology, publ iahed in 1JM*7. Doctor Marl ait <1e 
Ftrribes six itimialurc stages lictwMa the egg and the adult, the first 
four of whit'll ate distinguished ns larval stages and the liust two as 
pupal* But this does not mean that the “pupa” of the cicada is u 
ruling stage like that of the moth or butterfly. The cicada pupa 
(pl. 1) b nn active creature like the larva (fig. 9), differing prim-i- 
pally in having short wing pads. The first pupal stage begins in 
about the twelfth year of the insects life. 

In tlie spring of their seventeenth year the cicadas burrow upward 
through the soil till they come to within a few inches of the surface. 
Recorded observations indicate that this migration takes place .lin¬ 
ing the month of April We know that the insects leave the earth 
during the latter part of May, »> it seems that they most gather 
jiist 1 xilow the surface and there await for several weeks the proper 
time for their emergence. Then, all of a sudden, as if at a given 
signnl, the mass of them issues in swarms every evening for several 
days, and the ground is perforated with their exit holes. 

It U with a feeling akin to awe that we witness for the first time 
vast numbers of these insects issuing from the earth. Then we realize 
that they have all been quietly living Wneuth utir feet these many 
years where we gave no thought to them. Each exit hole now be- 
conn* a dividing point for ns between knowledge and ignorance— 
the history of tin* insects after reaching the surface is so easy to read, 
that lie fore so difficult. What secrets have they left behind in those 
narrow tunnels? 


I hi* ori ginnl notes on which this paper is I mswl were made during 
the season of 19111 at Somerset, Mary land, where, lit rolls'll the 
courtesy of Dr. E. F, Phillips, the writer had use of a room in the 
house of the Office of Apiculture, United .States Bureau of Ento¬ 
mology. Dr. Phillips also entered into a part of the work, especially 
tbul of studying llie burrows, and the emergence and trims format ion 
One evening it occurred to ns that something might lie learned 
simply by pouring a water solution of plaster of Paris into the bur- 
rows. Accordingly, we tilled a few at first, but manv swallowed up 
so much of the Uqlud that we became hopeful of a real discovery and 
eventually- Idled a srere or so and allowed the plaster to set near 
mghi. I he drawings on figure 1 show a part of the results revealed 
on the next and several subsequent days as we unearthed the hard* 

T rT;> TT*" the " ntVm * ot a subterranean chamber 

m which ti*e pupa hail l*en recreated, waiting the proper time for 
Its emergence, lie longest chamber reached to a depth of 6 indnsi 
the shortest are mere cups. All have a more or leas distinct enlars^ 
ment at the bottom, ami most of them « swelling at the top just bo 
neath the narrow neck, which represents the einergeucv hole In dl 
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but one the shaft has a diameter of ni>out five-eighths of an Loch, 
while that of the basal enlargement is seven'eighths of an inch. The 
nock averages alxiut half an inch across. One east, is smaller, having 
tlie neck throe-eighths nf an inch in diameter, the shaft, one-half, the 
lower swelling eleven-sixteenths, The nidividua l that made this 
tithe was most probably a pupa of the smaller form uf tlie cicada, 
which will be described later in connection with the life of the 
adults. 

The chandlers are seldom straight, their courses being more or Icsk 
tortuous and inclined to the Surface, as the miner had to avoid reads 
and Stones obstmeting the path. The interior contains no debris of 
nnv sort, and the wulis are smooth and compact. The largest chain- 
Ijera arc many times the I'itIk of the pupa in volivine, and the insect 
can easily turn around in them, though it can not quite sit cross- 
ways on the iloor of the lower enlargement. Below the chamber 
there is always evidence of u narrower burrow going irregularly 
down into the ground, hut this shaft is filled to the chamber floor 
with black granular earth. The burrows examined at Somerset 
were dug through Compact red clay, so the filling of the lower tubes 
was probably discolored by the admixture of fecal matter. For this 
reason these tunnels always made a distinct black path through the 
ml of live surrounding clay and could often Ik followed a consider¬ 
able distance. 

Before the emergence of the pupa the chambers are closed at the 
top by a cup of earth a quarter or u half inch in thickness, and this 
cup is the original earth surface. Where, then, is the material tliat 
was excavated in the construction of a hole of such gfctet Was it 
carried down into the tunnel beneath the lower rotunda? This tun¬ 
nel is always much narrower than the diameter of the chamber and 
it would take a Song section of its length to hold the excavations 
from the latter. Moreover, if the debris from the chamber was 
dumped into the hole below, what was done with the original con¬ 
tents of this cavity? Explaining one mystery by postulating an¬ 
other does not explain anything. As long as we have a hole to 
account for, we might us well account for the one we are sore of. 

and the Iwst way to begin is by giving the insects themselves a chance 
to reveal their secrets. 

TJrop several pupae into glass tubes, fill the tub** with loose earth 
and watch the performance. Those pupae observed thus by the 
writer gave u very dear exhibition of their methods of work, which 
probably explains bow they accomplish the seemingly impossible 
feat of digging a hole witht»it throwing out anv earth, They demon- 
Strateil first til,it they do not burrow by plowing through the earth 
w ith iht conical Do^piec^i that caps theif fiicnes., though the earth in 
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the tubes was loose end might have been easily thus penetrated; nw 
did they claw their way along with the large from legs in any ordi¬ 
nary fashion. No; such k not the cicadas way; and what k not an 
insect's way it will not do even if it might* The cicada pupa has 
inherited different traditions in the nrt of digging. To untfergtind 
its methyl of work wc must first study the construction of its front 
legs, for three are its principal took. 

The front leg of the pupa is composed of the same number of parts 
as any other of its legs, ims will be seen in figure 2 nt d. The third 
joint from the base, called the femur (F), is large and swollen in the 
front kg ? and lias a pair of large spines and a comb of shorter ones 
projecting from its lower edge. The nest joint is the tibia ( Tb ). 
It is curved and terminates in 
a strong hooked point. Finally, 
attached to the inner face of the 
tibia, well buck from its distal end, 
is the slender foot or tarsus { 7W), 
which can be extended beyond the 
tibia! hook when the insect is walk¬ 
ing or climbing, but can also be 
turned in at right angles to the 
tibia, as shown at B t or bent bark 
against its inner surface. 

Let us now return to tbe insects 
lal>oring in the tnlies. The use of 
the various implements on their 
front legs will I>e clearly shown. 

They are using the curved* sharp- 
pointed tibiae as picks with which 
to loosen the earth, the tarsi turned bark and out of the way, the 
legs working alternately, Whena small pile of loosened material ac¬ 
cumulates u rake is necessary, This is furnished by the tarsus 
now turned inward at right angles to the tibia. A little pile is 
scraped back toward the body, and—here comes the important part, the 
cicada’s specialty—the little pile of Takings is grasped lietweon the 
tibia anti the femur, the former closing up against the vent ml spines 
of the latter, the leg strikes forcibly outward, and the fistful of 
loosened earth is tnashed hack into thg surrounding earth. The 
piwosa is .repeated, first with one leg, then with the other. The 
digging cicada looks like a pugilist training on a punching big. 
Now and then the worker stops and rubs its legs over the front of 
its head to clean them on the rows of bristles which cover each side 
of the face. Then it proceeds again, clawing, ntking, gathering up 
the loosened particles, thrusting them lute It into the earth wall. Its 
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l‘in-fe is (irmly pressed against the opposite side of the growing cavity, 
(lie middle femora an* bent forward till their kmts are it 1 most 
against the bases of the front lefts, their til .me lying along the wing 
puds. 1 he hind legs assume jl norm a I position, though hvld close 
against the Hides of tile body. 

Thus, the swret is ont, the cicada exen rules a rlosod cavity by 
crowding the earth hark into the surrounding earth. What « slow 
and laborious tusk the construction of one of the larger chambers 
mtisi lx- til the insect working within ! Imagine a person making a 
cave of proportiomil dimensions in such a manner. No records are 
ut hand to show when the cicada logins its work or how long it takes 
to finish the [ask. J hose that performed in the tubes never emerged, 
Ihit they had already left their original chambers and their lime 
ivfis ripe for transformation. Their skins split in the midst of their 
labors. 


From what we know of the cicada s spring habits underground, wn 
“O infer that the pupae construct their chambers on their arrival 
near- the surface during April, that, when the chamhera are completed, 
the insects await within for the signal that it is time to emerge and 
transform into the adult. Then they break Ihreunh the thin caps 
«t the surface and come out. It would he difficult to explain how 
they know when they are so near the top of the ground, and why 
some construct ample chandler* several inches deep, while others 
make mere nils ecareely larger than their bodies. Do they burrow 
upward till the pressure tells them that the surface is only » ipmrter 
of on inch or so away, and then widen the debris-1 tiled tunnel down¬ 
ward { Evidently not, because the chamber walls arc made of dean, 
compacted day in which there is no admixture of the blackened con¬ 
tents of the burrows. It is unlikely, too, that they base tlieir Judg¬ 
ments on a sense of temperature, booms? their acts a re not regulated 
by the nature of the season, which, if early or Into, would fool them 
m their calculations, But time is only wasted in trying to reason 
out the nets of any insect. The insect is almost sure to have ways of 
m C>TV1I Liinl cjsir tcaaon seldom 111ta upon. 

An iiitcn-ting feature in the development, described to Doctor 
Mnrlatt. m the change that takes place in the size of the front feet 
The young larvae, which botch f rom the eggs in the trees, bar* well 
developed front land- (Fig. 9.) In the succeeding three larval 
stop* each front tarsus b reduced to a mere spur on the inner faro 
of the Uhm J. mally. the pupal stages, the tarsi reappear as well- 
developiHl feet. Both the larva m the firet stage and the pupa in the 
last stage spud a part of their lives on the trees, and L them the 
front Ureal claws are important climbing instruments but i« itl 
other stages the creature Uvea entirely underground, where it digs 
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vrith the daw-like tips of the front tibiae. Thus the change it, the 
ft^t i#j significMit in cocuj^lio-n wiili Iht change In habits, tiioiigli t ms 
Inis beet, shown, the long tarsi of the mature pupa play an important 
part in It* iJigging also* 

I'-nrly in the spring, before the proper emergence season, pupae 
are often found Ittncatli logs and stones. This is to lie expected—to 
the ascending pupae the surface is at the top ,>f the log or the top 
of the stone. As they burrow upward something impemfcrnblo blocks 
their paths, and that is ulL But a more curious thing often observed 
is that, in souk) localities, the insects continue their chambers up 
nlwve the surface of the ground within dosed Hinds of mud several 
inches high. IVhero these ton ers occur it is likdy that there is some¬ 
thing about the nature of the soil that the insects do not like: per* 
hup* it ts wet and the normal chambers are damp ami tuoJdy or 
piirtly filled with water. The writer had no opportunity to study 
the turrets since none were to 1 k> found at twmersd. The most in¬ 
teresting description of them Is that given bv Dr. J. A. l Antoe r in 
his I wdftli Kejwrt on the Insects of New York, published in IW7 
Doctor Lintner states that “The chamber are constructed by the 
pupae with soft pellet, of day or mod brought up from below and 
pressed I irmly mlo place," and ha records that Mr. I. 1L Lawton 
caught U pupa at work with ft pellet of mud in its daws. Hence, we 
inuy in fer that, ns a irisison, the cicada’s style of work is only u modi- 
iicnii-Hi of its working methods as a miner. Yet what nn interesting 
sight iL would !* to watch the actual building of one of these adobe 
hute. At emergency time the towers are opened nt die top anti the 
insect tomes forth as it would from an ordinary dumber opening at 
the level of the ground, . 


TIU NSFORiUT [ON. 

By some feeling of impending change the pupa, waiting in its 
clmmlwr, knows when the time of transformation is at hand. .Some* 
how nature regulates the event so that it will happen in the evening 
but once the hour has come no time is to he lost The pupa must 
break out of its Cell, find a suitable molting site and one in accord 
with the traditions of its race, and there fis itself by a firm grip of 
the taraai claws. At the beginning ofthu principal emergence period 
s " >ut l “ (1 L ’ lKt ^ ar r e numlwrs of the insects came out of their 

chambers as early ns G o'clock by “ daylight-saving time,” which 
would be a a dock by standard lime; but after the msl, of the fir* 
few days not many appeared before dusk. 

It is difficult to catch a pupa in the very act of making its exit from 
the ground, and apparently no observations have been recorded on 
the manner of its leaving. At Somerset, in spite of closest scrutiny 
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and Jon® rigils with electric light nail lanterns, we were never lucky 
enough to witness on emergence. Other watchers at Fulls Church, 
\ irginb, report no better success. Do the insects leisurely open their 
doors some time in advance of their actual need and wait Iwlow till 
the proper hour, or do they break through the thin caps of earth end 
emerge at onr® ? Digging up many open chambers revealed a hiring 
pupa tn only one. Another issued from one of several dozen holes 
hlled with liquid plaster for obtaining casts. Add to this the fact 
thatgreat numbers of fresh holes are to be seen every morning dur- 
ing t ie emergence season, and the evidence would appear to indicate 
that the insects open their doors in the evening and come out at once, 
Jnly one chamber was found in the daytime partly opened. 

7 d f ET<J ■“* ™“7 of being spied upon as they 

make their debut into the upper world, a witness of their subsequent 
fiehanor does not embarrass them at all. However, events are 
imminent there , a no time to w BSt *. The crawling insects head for 
any upright object w,thin their range of virion-, tree is the ideal 
5™ if it-cun ho a tamed, and since tile creature* were bom in tree* 

f ? hk A ^ lh? I,CS ! T b *7 Yct !t fmpiently happen, that 
trees m which ninny were hatched have W. since cut down, in 

fthich case the returning pilgrims must make a longer journev ver- 
haps than they anticipated. But (he (rensfnrmation can nofcbe 
delayed: if a tree ,s not ucereal.le,a Imsb or It weed, a p^g, a tele- 
graph poio t or a blade nf gnus will do. On the trees some get only 

* fQT ; S ht trtmk *^ the branches. hut the mob gets out 
upon the leaver Though thousands emerge almost simultaneous! v f 
thej have not all been timed alike. Some Imre but a few minutes to 
spare, others can travel about for an hour or so before anything 
ha i)JW „ fi Severe! thaL I buried in the ground hoping to watch them 
emerge, transformed in their graves. 

1 he external phase of transformation, more strictly the shedding 
of the jhijicI bkm t has been tunny times ntaerveri It » mil f,: T1[r 

*“ **. dl« *. B„, tlie ricj „ SU£1£5SS 

mil ST™ £f,J’l.Wioitv when, 

1 ys ,,m r b "‘ * 

branch provided for it in a lighted wlLi h ** a P 1 ® 1 * of 

more clearly observed. Though the i, ” " j4s doings eon be 

emergenre, they nre not bashful m all ibmrtafc** e 7 5 ! lil1 ^ 8 fer 
in the glare of artificial light. The m™, changing their dot lies 

illustrated by figure The tiivt dnnrinfSl^! ih+ ,,crfo ™ an ™ ** 
mg upward; but ill tbe next (2} it hus L t 7 10 54,11 fm P- 

1 7 Du TO|ne *» and is cleaning 
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•rrawllcuf ttJJWMrtL At f aad J H*e f«[ art IwtBE riling flgnimt IJsp hwid and bodr 
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its front foot and daws on the curry combs of its face, just as did 
those confined to the glass tubes to give a demonstration of their 
digging methods. The front feet done, the hind ones are next at¬ 
tended to. First one and then the other is slowly flexed and then 
straightened backward (.?) while the foot scrapes over the side of 
the abdomen. Several times these nets are repeated calmly and 
deliberately, for it is an important Thing that the claws he well 
freed from any particles of dry earth that mifrht impair their grip 
on the support. At lust the toilet is completed, though the middle 
feet are always neglected, and the pupa feels about on the twig, 
graspin'* now here, now there, till its claws take a firm hold ou the 
bark. At the same time it sways the body gently from side to side 
as if trying to settle comfortably for the next net. 

Thirty-five minutes were consumed in the above preliminaries and 
there is now a 10-minute interval of quietude before the real show 
begins. Then suddenly the pupa humps its back (.$), the skin splits 
along the mid line of the thorax (■>), flic rupture extending forward 
over the top of the head and rearward into the first segment of the 
abdomen. A creamy white back, stamped with two large jet black 
spots, now bulges out (tf, 7); next comes a head with two brilliant 
red eves (S): this is followed by the front part of a body (3), which 
bends backward and pulls out legs and bases of wings. Soon one leg 
is free (/A), then four legs* {//), while four long, glistening white 
threads pull out of the body of the issuing creature, but remain at¬ 
tached to the empty shell. These are the linings of the thoracic air 
tubes being shed with the pupal skin. Now the body hangs back 
down, when all the legs come free {/5) t and now it sags perilously 
(W) us the wings begin to cx|>and nrul visibly lengthen. 

Here another rest intervenes; perhaps 23 minutes may elapse, 
while the soft new creature, like an inverted gargoyle supported only 
by the rear end of its l»ody, hangs motionless far out from the split 
in the hack of the shell. Now we understand why the pupa took 
such pains to get a firm anchorage, for should the dead claws give 
way at this critical stage the resulting full most probably would 
prove fatal. 

The next act begins abruptly. The gargoyle moves again, bonds 
its body upward (O), grasps the head and shoulder* of the slough 
(IS), and pulls the rear parts of its l*ody free from the gaping skin 
(/tf). The body straightens and hangs downward (/?), At Inst we 
behold the free imago, not yet mature but rapidly assuming the char¬ 
acters of an adult cicada. The new creature hangs for a while from 
the discarded ahdl-like pupal skin, clinging hy the front and middle 
legs, sometimes hy che first alone, the hind ones spread out sideways 
or bent against the body, rarely grasping the skin; The wings con¬ 
tinue to unfold and lengthen, finally hang flat, fully formed, but soft 






















Plate 2, 



The Cicada Just Afteh Emerging from the Pupal $kih. 

<Twk» Batura) nit*, j 
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?md ti liitc (^)+ Ilerc tliB fruiitutu wnl!j hccomts restless* loiives 
the empty skin (/$), And t sikes up a tiew position several inches 
iTvay (W) k 

At this stage the cicada is strangely beautiful. Its creamy-yellow 
paleness, intensified by the great Mack patches just behind the head 
and relieved by the pearly flesh tint of the mesotha ratio shield, its 
shining red eyes, and the milky, semitransparent wings with deep 
chrome on their bases, make a unique impression on the mind. 
There is a look of unreality about the thing, which, out of doors 
{pi- 2), becomes n ghostlike vision against the night. But, even 
ns we watch, the color changes, the unearthly paleness is suffused 
with bluish gray, which deepens to blackish gray. The wings flutter, 
fold against the hack, and the spell is broken—an insect sits in the 
place of the vanished specter. 

The rest is commonplace. The colors deepen. Hie grays bernmo 
blackish nod then black, and after a few hours the creature has all 
the characters of a fully matured cicada. If nrly the nest morning it 
is fluttering about, restless to be off with its mates to the woods. 

Tiie time consumed hy the entire performance, from the splitting 
of the skin (fig. fl, fl) to the folding of the wings above the back 
{-?/h varied with different, individuals, observed at the same time 
and under the same conditions, from 45 minutes to 1 hour and 12 
minutes. Most of the insects had issued from the pupa] skins before 
11 o’clock nt night, but occasionally a straggler might l» seen in the 
fast act as late as G o’clock the following morning. Such were pmb, 
ably belated arrivals who overslept the night before. 

Thus, to the eye, the burrowing and crawling creature of the earth 
becomes transfigured to a creature of the air: yet the visible change 
is mostly but the final escape of the mature in^ct from the skin of 
its preceding stage. Aside from n few last adjustments nnri the ex¬ 
pansion of the wings, the real change had lieen in progress within 
tiie pupal skin perhaps for years. We do not truly witness the trans¬ 
formation ; we see only the throwing off of the shell that concealed 
it. ns the circus performer strips off the costume of the clown ntui 
appears already dressed in that of the accomplished acrobat. 

THE ADULTS, 

The adult cicada liears the stamp of individuality: he docs not 
closely resemble any of our everyday insects; ho hns a different j»r- 
sfinality; he impresses us os a “distinguished foreigner in our midst.* 
Of eouree, he has near relations; there are numerous other mcmiwrs 
of his family, the insects commonly called “locusts* whose shrill 
voices arc more familiar to us than their fares, but whoso empty 
pupal skins almost everyone has seen adhering to fence posts and 
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tree trunks in laic- summer* Most of these cicadas probably go 
through their underground change# in one year, but there are peri¬ 
odical species whose lives we ns yet know nothing about* 

The 17-year cicada has a thick-set body (fig + 4), the forehead h 
wide, with the eyes set out very prominently on each side, Ho ia 
distinctively but not strikingly colored, The back is plain black 
(pi, 3): the eyes bright red; the wings shiny, transparent amber 
with strongly marked orange-red veins: the leg's and beak arc red- 
dish and there are hands of the same color on the ventral rings of 
the abdomen, Each front wing is branded with a conspicuous bmwn 
W toward the tip, Superstition* of course, must explain this only 
as meaning Lt war,” but the 1919 brood evidently miscalculated what 

way going on above ground. 

The male cicada is noted for 
his w song/’ yet ids music is of an 
instruments I order rather than 
vocal. Tie carries n pair of large 
drumheads beneath the buses of 
his wings, the ridged, parch ment- 
like surfaces of which are thrown 
into rapid vibration by a pair of 
pillarlike muscles in the front 
part of the abdomen (fig. 7, 
TmMcl ), Below the drums, be- 
tween the ihurueie and abdomi¬ 
nal divisions of the body on each side, h a large cavity with tense 
membrane on its walls, which most probably act us resonators. The 
cavities are closed below by a pair of large flaps projecting back 
from the thorax, buL they can be opened by the elevation of the 
abdomen. * 

The female lists no drums, and consequent!y is doomed to keep 
silence; but no one has yet discovered that she possesses ears, so it 
seems die also does not have to listen to her noisy mutes. Her chief 
distinction is her ovipositor, a swordlike instrument used for insert¬ 
ing her eggs into the twigs of trees and hushes. Ordinarily it is kept 
in a sheath beneath the rear half of the abdomen, hut when used 
(pL 3) can be turned forward by a hinge at its base. The ovi¬ 
positor consists of two lateral blades and a guide rail above. The 
blades excavate the egg neats in the wood and then the eggs are 
passed into the nests through the apace between the blades. 

Entouiohigisls cal] the IT-year cicada T&icenn wpfendeeim* Rut 
there are two forms (fig. 4) f cBstinguishcd by their size and by their 
song. The smaller form has been given the name Tiitcim aturini 
or T&iteTu* wpkndcvim c<i*sini r according Lo whether it is regarded 
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as a distinct species or only as a variety of t he larger form. Thu 
two kinds occur tefotlier, hut they arei not known to intermarry j 
they occasionally intergrade in hL'c, and no constant physical differ¬ 
ences have far been found between th orn 

It was formerly supposed that the cicadas take no food during the 
brief time of their ndult life, but we now know, from the observations 
c>f Mr. A\. I, Davis. Dr. A, L, Quaintance, anti others, and from a 
study of the stomach contents recorded in this paper, that they do 
feed abundantly by sucking the sap from the treed and bushes on 
which they live. The cicada is a large relation of the aphids, the 
scales, and other iiusret* nf the sucking order, ami like them has a. 
bunk for piercing the plant tissues and drawing the sap up to its 
mutith. But, unlike the aphids ami scales, the rifadna seldom cause 
any visible damage to the plants by their feeding. Perhaps this is 
because their attacks last such a short length of time and come at a 
season when the trees arc at their fullest vigor. 

The details of the head structure and the exposed parts of the 
tank are shown in figure ,’5, A, which is a side view drawn from the 
head of a fully matured adult, detached from the body by the tom 
neck membrane (mi) with the long slender beak (Z,i) projecting 
talow. The cicada has no jaws. Its mouth is shut in between a 
large front lip (Clp), and the base of the main part of the beak {££), 
which is really the prolonged lower lip, or labium. The narrow 
spares on the sides between the hoses of the lips ore closed by the 
soft, slender pieces marked Am and <?. 

If these outer parts can be separated, we find some other very 
important parts hidden from view within them. lint it is difficult 
to separate them on the burdened head of a fully matured specimen. 
However, if we take an insect in the act of emerging from its pupal 
skin, when it is still soft, the parts are easily spread out, exposing 
nil the structures shown in figure 5, R In the front half of the 
space between the Ups {Cl p nnd Li) there IS exposed a large tongue 
(ffpijf), the hypopharynx, which is connected by a Haring wing (a) 
on each side with the first aide plate (d) of the head. Between this 
tongue and the front lip {ftp) is an open cleft (.V*A) which is the 
cicada’s month. It o]»ns into the pharynx, whose roof (*) bulges 
in and almost fills its cavity. The loi« (A) behind the tongue is the 
sumo tiling as b on figure .1, l^eing merely a downward extension of 
the second side plate (//) of the head, and carries the soft appendage 
already noted, at its lower end. Between this lobe (J) and its 
mate on the opposite side of the bead are two deep pouches, from each 
of which there issues a pair of long, slender, bristle like rods (/ Set 
and 2 ifet ), which are called the wise. (Only the left pair is shown 
in the drawing.) 
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Now, if tLese E&\m rated parts bo put together again wo grt a pretty 
clear idea, of bow the cicada takes its food. The n?tae (I Set and # 
Set), normally lie deep in a groove along the front side of the libitna 
(Z6) t which groove f of course. dues not show In the drawing made 
from the si tie, Tha upper ends of the setae have arms extending into 
the head cavity which have two sets of muscles attached to them— 



FiCL Tt. —SIwvLe^ thft iinktinay &f t!ho hi’a4 of an Jidalt rficmli <7 llwi anluml alafe). 
A h Elrit Mjjp pli cr af brtd ; if. &lUchi»F , B 1 «f b jpg pl^rjus. |n t bi- ; J flf, anti-niia ; 
IT, emiid Uito ptilf of fcimil: &. !ti*w lirfjf nr if; f, rtrctodw £f &; dp. ctyfrniil 
Mmjrnrgtijl iijf; r, toot of iSm t^ijiryrut: I'f. front; l!phv r lij-pcphArjai; Lb, la hi nitt; 
1-Hi, Labrum: m*** niiffliLrftBe: Mth 4 teuglh; O m or wrUl i J first 

fcfttf ; 1 fl*|* nrrutuS A + Tfa* nintard tjdfld wilb Ifet pArt* Ld intgrat pasltkm, 

B. Sort b«44 uf A Iraithformkoc alIuII tfIUi thv p*rU m-pdrnU'd, ttip ik-Lae the iui>u th 
H if (M Wjd* Ofwfn. the tuncu» or bjpopJiAfrni (tfpftpi this la J Ll* nod behind 

tbir ttifijcux ille 11 artnj? IwrttfJ inti> peaces of tbe* ih-idL OuJy tho lift fc-tae art 

stuiwib. lo Un uurm»L h#*d tJsi* nre cgaceitatl in 4 ff™™ 04 ibo front -id* Of 

IIh liblum (LI). 

th* fibers of one* set. going up to the top of the cranium, draw the 
setae up by contract ion; those of the other, coming down and side¬ 
ways from the topi* of the arms to the inner fare* of the head plates 
.4 and IL push the setae out when they contract. Thus, by these 
muscles, the tips of the setae can t* worked in and out at the end of 
the beak and niudc to pierce the bark of the tree. As they enter, the 
labium {Lb), which incloses them like a sheath, can be drawn up 
into the flexible membrane (mi) at its base, so that the setae can bo 




SEVENTHBX-YEAR Lflt'FST— £3 If ODGRASS* 


395 











adult ni¬ 
nth open, 
but when 


pushed a long distance down into the sap-carrying tissue *k*i 
tree. Next the sap must be drawn up to the mouth. To 
function two of the setae, the rear one of each lateral p 
lowed along their inner faces and united lengthwise bv 
ing grooves and ridges. 

Thus a closed channel is 
formed between them, and 
it is through this lube that 
the 2 gtp reaches the mouth* 
going up probably by the 
mechanical force that 
makes all liquids flow tip 
through hairlike tubes. 

Immature 
J&s the un: 
or easily opened; 
fully matured the mouth 
always tightly closed by 
the tongue (///*%) and its 
wings ( a ) which press 
firmly against the roof of 
the mouth. The middle 
part of the tongue then fits 
snugly into a depression of 
epi pharynx, 
of the mouth 
insects* nonce, 
mere would 1>e no mouth 
opening at all if it were not 
for a small median groove 
on the front surface of the 
tongue* This groove fa 
now converted into a tube 
which o] Mins I * hi iv at the 
pointed tip of the tongue, 
and above into the cavity of 
the pharynx* The pair of 
u ni ted setae carry the 1 iq u i d 
food up to the mouth, but* 
right at tile point of the tongue, they flare apart anil embrace 
the tongue tip, This allows the liquid stream between them 
to pass on without interruption into the mouth pore through which 
it is sui'kinl up into the pharynx. The sucking apparatus consista of 
the collapsed roof of tliu pharyns t<?) which can be elevated by a 
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Him BaJSnu-j flntuht (i Qt m 01 j. TUv 
liquid fHHstJ bow up eu (he eduhjili btiwotn tho 
^cofiril telme 1 a £rff). til being uormrtllj *uclom*l 
In th.‘ fruqTa 01 the Labium ft*), The fiJiarjmc 
muttJiW iPhyMcli contort poll out 

fniKl wall Cel of Uhr iil'.iirai, thu* sncfelA* In 
tbe Uijulil from ShjLwwh tb* Ij4m* of tbe m-iao 
ihniUfb the muiiEh potn IJfrJU* When ihe 

ntq«elr» relAE "ur j^rrm will (r> eof]&p«H 
nfuj fsF«i Iba Ui^ulil up lute* (h,» bn|h 
from which llr pu bate tbe na|]tt (flfj. 
The nLtrmr? rturt |SWI>| op™ *1 the- tip ol 
the- hrpoplianms iRphyi, ih« 4lln fc*l Sl fore** 
out t.j tliy noJIvarj pump i&atf'tnp). Ft, Clp 
rnhkl Lm are th^ front. t-lrpeus and Ubrum *hi>WB 
V* JSbuev a, »14 If o li tbe IMH’adiqp of hnd 
plate a, tuil Bi iff the donal acul TeotnJ 
pltle* ei| ihe flnt tirade ne^mcfit. 
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s|teciai set of large muscles attached to the front of Lhc head. xV 
actional view of it is shown by figure 6. 

Insects that devou r the leaves or any kind of solid foot], ns do gruis- 
hoppers. beetles ami caterpillars, have a pair ot large strong jaw for 
biting and chewing and a second pair of softer jaws with movable ap¬ 
pendages that serve u variety of purposes (accessory to the first pnir. 
Sinw (he cicada and its relations, constituting the order of insects 
. ailed Ifemiptew. have no jaws like those of the biting insects, it hus 
usually been assn rued that the pair of setae on each side are their 
representatives and this appears to Uf confirmed by a study of their 
development. 

SONG. 

During the first two weeks of June the woods were full of the 
u locusts” and the noise of their singing. The song has no resem¬ 
blance whatever to the shrill, undulating screech of the annual 
locusts so common in August and September and known as the dog- 
day cicadas. The song and all the notes of the larger variety of the 
17-year cicada are characterized by a burr sound and nt least four 
different utterances may he distinguished. First, there is the pro¬ 
longed burring sound of their ordinary song, the individual notes 
of which become lost in the continuous hum of the multitude, and 1 
never heard one singing this song in solo. Nest there is the so-called 
“Pharaoh” note, which requires some imagination to interpret it 
thus, for it is characterized by the same burr tone as the chorus song. 
The Pharaoh sound is usually sustained only about five seconds, 
when it term]nates with an abrupt falling. Then it Is repeated in¬ 
definitely at intervals of two to five seconds. When each note is 
In-gun the singer lifts his abdomen to a rigid, horizontal position, 
evidently thus opening the ventral drum chambers. As the sound 
oniIs the abdomen drops again to the usual somewhat sagging posi¬ 
tion, seemingly thus rutting nil the sound by dosing the drums} hut, 
of course, the two are coincidental, since the sound terminates when 
the tympanal muscles tease to vibrate. 

The nudes are easily observed uttering the Pharaoh song as they 
sit in the hushes or on low branches of the trees, hut the community 
singing is always done in the tops of the trees, where I never observed 
an individual musician at close range while performing. 

Their third note is a soft purring Sound of one syllable, which is 
often beard from those sitting low in (he bushes. It is shorter than 
the Pharaoh sound and Licks the abrupt terminal drop. Finally, 
when « male appears to he surprised or frightened, he often, ns ho 
darts away, utters a loud, rough burr sound. They utter tile same 
note when picked up or otherwise bundled. This seams to bo their 
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not+- of “primitive passion*" and if eo is perhaps ihv une from which 
the more melodious on it-, have L^eo-n developed. 

TJle smaller form* variety t ur species* the one colled "ca&s-iiii;’ 
differs from the larger form in the character of its notes always, if 
in no other way- The refill hr song of the little mules much more 
resembles that of the annual summer cicadas, though not bo long and 
less continuous in tonc* It commences with a few chirps, then there 
follows ’i series v f strong, shrill sounds like ^wiW, -jp/h< 7 , jWju/ t 
ole*, ending again in a number of chirps. The whole song lasts: 
about In seconds* Several of Uie£c mnlr^ kept in jars sang tins stmg 
repeatedly and eimg no other. It was rommon out of doors, but 
always heard as :i solo* never in chortle 

When handled or disturbed the little males utter a series of sharp 
chirping notes very suggestive of a miniature wren angrily scolding 
at an intruder* Never does this form utter notes having the burr 
tone of the larger one. The contrast between the vocal tones of the 
two is strikingly evident when several mules of both kinds are kept 
together in a jar* Tf disturbed each produces his own sound* one the 
burr, the other the ddr[u and there h never any suggestion of simi¬ 
larity or gradation lie tween them. 

Of all animal songs, the song of the cicada must prove one of the 
worst Stumbling blocks to those who wntdd explain animal music on 
the theory of sexual election. Where thousands of males are singing 
all at once it would be a very delicate ear that the female must ham 
to choose amongst them: anti furthermore, us hns already been men¬ 
tioned* the female is not known to have any ear at all* On the cither 
hand* probably no one is able to give any very satisfactory reason 
why an insect should have acquired such an elaborate music )m% sis 
that of the cicadas merely for the purpose of emotional expression* 

hlilO IKYING. 

The cicadas lay their eggs in the twigs of trees and shrubs and fre¬ 
quently in the stalks of deciduous plants. They show no particular 
choice of species except that conifers are usually □voided, though 
xMr. W. T. Davis says that he has observed them ovipositing in pines 
on Staten Island* hut he did not examine the eggs later to determine 
whether they hatched or not. 

The eggs are not stuck into the wood at random, but are carefully 
placed in skillfully constructed nests which the female excavates in 
ihe twigs with the blades of her long, curved ovipositor* (Pb 3.) 
These netfa are perhaps always on the undersurfaces of the twigs, 
unless the later are vertical* and usually there are rows of from half 
a dozen to twenty or more of them together* 
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Egg laving begin? in the early part of June* The first evidence the 
writer'not iced in 1911* wis on June G t when f* number of punctured 
twiif:- were found on several varieties n f trees and shrubs at Chevy* 
Chase Circle* but no particular search was muiL- for them earlier 
iliiiu thb- date* By Juliv Hi i-gg laying was at its height. The f email#* 
could easily be watched at work, taking flight only from actual in¬ 
terference. They usually select twigs of last year's growth, but often 
Use older ones or green ones of the name sen son. In the majority of 
eases the female works outward on the twig: but if this is a rule, it 
U a very loosely observed one. for many work in the opposite direc¬ 
tion. 

Each nest is double; that is. it consists of two chambers having a 
common exit, but separated by a thin vertical partition of wood 
(pL I- I) und /■’)> The eggs are placed on end in the chambt-r-; 
in two rw'V’, with their head ends downward and Wanted toward the 
door, <1 morally there are <1 or 7 eggs in cue'll row {£'}, making 24 
to 2S eggs in the whole nc^t, but frequently there are more than this. 
The wood fibers at the entrance are very much frayed out by the 
action of the ovipositor and make a sort of fun-shaped platform in 
front of the door, where the young shed their hatching garments 
on emerging from the nest,* The series of tuts in the bark eventu¬ 
ally runs together into & continuous slit, the edges of which shrink 
hack so that the row of nests comes to Imvo the appearance of being 
made in a long groove (J, Jl k C ). This mutilation kills many twigs, 
especially those of oaks am] hickories, the former soon showing the 
attacks of the insects by the dying of the leaves. The landscape of 
oak-covered regions thus becomes spotted all over with red-brown 
patches which often almost cover individual trees from top to bot¬ 
tom. Other trees are not so much injured directly, but the weakened 
twigs often, break iri the wind and then hang down and die, 

An ovipositing female finishes each egg nest in about 25 minutes; 
that is, she digs it out and Ells it with eggs in this length of time, for 
each chamber is filled os it is excavated. A female about to oviposit 
alights on a twig, moves around to the undersurface, and selects n 
place that suits her. Then elevating the abdomen, she turns her 
ovipositor forward out of its sheath and directs its tip perpendicu¬ 
larly against the bark. As the point enters it goes backward und 
whrd in at full length the shaft slants at an angle of about 45®. 

The following detailed observations were made on a female who 
hod already finished severe! nests of a series I B beginning the new 
nest she first nude three partial insertions of the ovipositor draw 
ing it ">111 entirely after each slow penetration. At the end* of the 
first five minutes she finally worked it in to its full length Then 
during live minutes more, it was polled out and worked in ng ain 
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ft number of times. Finally this ovipositor was sunk so deep that 
the abdomen came up close tigninst the bark and egg4aying began* 
as indicated by the regular contractions of the plates of the ninth 
abdominal segment that operate the ovipositor blades. At short in¬ 
tervals the instrument was drawn out nearly to the tip mid then 
thrust m again, but each time not so deep as the time before. This 
stage lasted another I* minutes, 15 minutes in all having elapsed 
since the start. Now the abdominal pulsations cease*I and the ovi¬ 
positor was again sunk full length into the wood; repeated probings 
occupied the nest 7 minutes. This was followed by a second period 
of egg laying, lasting 3 minutes, while the thrusts became shorter 
and shorter. Finally, the ovipositor was withdrawn, snapped back 
into its sheath, and the female flew away. The whole oj>erution had 
taken ££ minutes. 

In a number of other cases the females were frightened away at 
different singes of their work, and an examination of these unfin¬ 
ished nests showed that each chamber is filled with eggs as soon as 
it is excavated; that is t the insect completes one chamber first and 
fills it with eggs, then the other chamber m dug out and in turn 
receivos its quota of eggs, when the whole job is done- The female 
then moves forward a few steps and begins work on another nest, 
which is completed in the #uime fashion. Some series consist of 
only 3 or 4 nests, while others contain os m any as 2d and u few even 
more, but perhaps 3 to 12 are the usual numbers When the female 
has finished what she deems sufficient on one twig she flies away 
and is said to make further layings elsewhere, till she has dispose*! 
of her 400 to GOO eggs, but the writer made no observations covering 
this point. Probably the cicada feels it safer not to intrust all her 
eggs to one tree, on the principle of not putting all your money in 
the same bank, 

DEATH. 

From the time that egg laying was at its height, about the H>th of 
June, the din of the singing in the woods begun to diminish. Many 
insects were from the first killed or mutilated by birds nr small 
mammals; now the ground became strewn with dead bodies or with 
insects still living, but hopelessly injured and dismembered* By the 
13th and 14tb of the month the colony was reduced to a very mis¬ 
erable condition* Great mint tiers were dead or dying, and a targe 
percentage of the living were walking around on the ground in 
various stages of disfigurement. Wings were torn off; abdomens 
were broken open or gone entirely; mere fragments crawled about t 
still alive if the head and thorax were intact. It was almost a 
gruesome sight to see these half matures, the in a lea often with the 
great muscle columns of the tympana exposed and visibly quivering. 
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Aljinv* game to the end, even in their depleted condition, still uttered 
purring remounts of their Bong. 

(,)ii J une 15 tit Somerset 1 heard one solitary male singing., hut 
by the iTfh nil was over; the great horde of insects that emerged 
from tin* earth and underwent such spectacular transformations only 
three or four weeks ago whjj gone. Mutilated remains and dried 
bodies cottld still lx? found, but & thorough search revealed not one. 
living insect. On June a belated male was heard near Hlverdalc* 
Mar viand, hkindy but distinctly singing the Pharaoh song, then he 
ceased and was heard no mare. 

Iviuin now on till the L 24th of July there was no evidence of the 
3ate swarm of visitors except that of the scarred twigs on the trees 
and bushes and the red-brown patches of dying leaves that every* 
where disfigured the oaks and hickories. 

INTERNAL ANATUJIW 


Tn observing thtiso mutilated cicadas, with their abdomens wide 
open clear up to the thorax, it strikes one ns remarkable that a bird 
could do such a neat job of evisceration on a living subject. It seems 
that an insect here and there should have a piece of intestine trailing 
behind or should retain at least some remnant of its vitals. But the 
vivisection is never messed by so much as a protruding shred, and the 
cavity is always as rknn and bare as if it never had contained 
anrthmg. Ones curiosity is aroused to know' what might have been 
iJacre in the natural state. The live cicada looks like a plump catch 
fur any predaceous creature. So the writer was led to investigate 
ite abdominal anatomy, and eventually directed many specimens to I jo 
sti rc there was no nature faking—each was as empty m n rubber ball, 
as empty as those walking shelb that so arouse ones pity and curi¬ 
osity. If I was surprised, one can Imagine that the feelings of the 
birds were something worse—where they expected a juicy mumL they 
found only an empty dish! ” ’ 

After considerable study the facta were ascertained as follows* 
The abdomen s* almost filled by a great air chamber (fi*r 7) whose" 
anterior end narrows between the pillar* of the tympanal muscles 

S ‘TVi* T *' int tl,e prathomx! The reproductive organs 
(A,w end the terauul part uf the alimentary ml (Sect) m 
rrowdv l mb a uimU spare m the tear part of the airmen. Other- 

J* lh 7"' 3 P *<* nmllpr •»»* ^ form an inner lining against 
he hard ibdommzl ring* s> closely aro they applied to them Yet 
this is not really the case. If the dissected specimen U- placed in 

watt T> 11 implicated intestinal u£* sweU* 

ni> along the back; muscles, trachep. and nerves come into view M 
looked about the outside of the thin, transparent walls uf the’ 
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The dimentaty cannl. when once iLs numerous tuIies ure diseii- 
tting ted. shows the reiiiiiMcnhh' jirrmngcincnt depicted on plutc i>. 
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The csnphfiprtis (Ok') h a slender tidte enlarging at tin rear end intfii 
31 distensible t rop* The crop is followed by a long 5-shaped stomach 
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of two compartments [f and <r/}. Si* tubes appear to lenvo the 
stomsclL The first f/W) issues from the interior end of the front 
stomach compartment and goes rearward in many crosswise loops 
along the back till finally it ends in the pear-shaped Tectum 
which opens to the exterior til rough the Finns, This tube (/»#) must, 
therefore, be the true intestine. From the rear end of the second 
stomach compartment, which is of an orange-brown color* there issues 
si tube (h) of the same color, which goes backward in many loops 
and folds but even Us ally turns forward again sin si penetrates the 
stomach at the constriction between its two rompartiuentei On the 
same Hue there issue four very small whitish tidies (r) which form 
tw r f> Ifwjjis inextricably tangled am on gist the foils of the intestine* 

At first sight this alimentary structure is a pusudo— the intestine 
issues from the front end of the stomach t while the tube arising from 
the rear end of the stomach, where the intestine should begin, turiLs 
bark on itself and reenters the stomach. The explanation rs simple, 
however, and is easily found by dissecting the first stomach com- 
[mrtment. The tulw (A), entering the rear end of this corn par L merit, 
docs not open into the stomach cavity but merely penetrates between 
its muscular wall and its interior lining* where it goes forward in 
mmiv ngmg loops and issues at the top as the tube Int. Tin tubes 
. arise from tin- enclosed end of the intestine (/nf) in two pairs from 
two short basal tubes rind go backward in the stomach wall from 
which they issue, ns shown on the plate, sit the front of I he secojii l 
^tonuieh compartment, 1 hose are the Malpighian tubules which 
function as the kidneys in injects. 

thus the puzzle of (lie anatomy is solved, but wc are not tuns 
of any reason for such nrt unusual state of things Some entomolo¬ 
gists. however, have supposed that the arrangement affords a short¬ 
cut to the intestine for some of the waste matter in tlie stomach, 
which can soak through into the upper end of the tube A and thus 
go direct to the intestine (/n/) s while the nutritive material goes on 
hy way of the long loop (Aj A ? A). They would, hence* name the 
lir&t compartment of tlio stomach the filter chamber.' 1 But it k not 
< lear how the tubes can select waste matter in aojiitlon from nutri¬ 
tious matter in the same liquid* 

Ik>th the stomach and the sac of the rectum are usually filled f anti 
frequently tensely distended, with a clear liquid. The presence of 
Hirh an elaborate digestive system, with its retaining parts thus 
led v. ith liquid, only adds confirmation to the observed facts of the 
cicfitk^ fceiling already recorded. The two stomach sacs (/ and f?) 
Lc in Ihe narrow, almost vertical* space between the posterior 
p it.Lgma f%. j . Pph s ) ontl the anterior end of the air chamber. The 
tubular parts are packed into the fiat space above the chum her, a 
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space no thicker than u piece of paj^r in three individuals «»fiw 
toward the end of their nut urn] lives. The rectum {Rett) lies in it 

freer spare Again behind the air dmmL^r nnd above the reproductive 
organs {Rpr). 

The great air chamber is a part of the respiratory system. It 
receives its supply of air directly through the spiracles of the fin* 
abdominal segment which lie just before the drums in the nub 
as described by Yitus Greber in 1876. At least two tracheal tubes 
open from it on each side dose to the spiracle, nod its own walk 
are abundantly supplied with fine brandling tracheae. It is pres¬ 
ent in the last pupal stage where it is to i* found at the 
time of emergence as a collapsed bog with rather thick walls 
lying lengthwise amongst the abdominal viscera (or at least it is 
thus in alcoholic specimens). It is distended in the imago when 
the latter first comes out of the pupal shell, and is present in both 
males and females, enlarging toward the end of adult life ns the 
reproductive organs shrink into the rear extremity of the abdomen. 
In the young female, before egg laying has exhausted the ovaries, 
these organs occupy a much larger space at the expense of the air sac 
than they do Iowan] the end of life. Tf the air chamber occurred in 
the male alone it would easily lie explained as part of his musical 
equipment. I he dry, hollow, thin-wullrrl abdomen would be enthusi¬ 
astically described as a marvelous adaptation for giv ing resonance 
to the vibrations of the tympana. But the female contradicts this 
theory, unless it be that her hotly is set into sympathetic vibration 
by the pong waves from the male. We shall probably have to fall 
back on the old prosaic explanation that bulk nf body'is maintained 
with corresponding weight eliminated—a combination specially 
favorable to neriul life. 

In llie narrow space about the sac there are. besides the alimentary 
canal, abundant Strands of fnt tissue, the heart, tracheal trunks from 
the spiracles and their numerous branches, nerves, and the muscles 
of the body wall. So, Indeed, the cicada is a l omplotc insect after 
all in spite of its deceptive appearance of emptiness, 

Tiie central nervous system consists of four main ganglia, the two 
usual ones in the head, ono in the pro thorax (fig. 7. 1 Gno), and n 
larger one in the mesothorax {? <7*7). This explains wire the loss 
of the abdomen is a matter of such little consequence to these insects 
and also why the cicada appears to be such a jwrfect automaton. 

HATCH INI':. 

Knowing from printed records that the cicada eggs were due to 
hatch almost any time after the middle of July, the infested trees in 
the yard of the Office of Apiculture were daily inspected from the loth 
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tin, but no evidence of hatchjjig was found until the 24th* Egg 
laying hud been at it? height about the 10th of June* $o fully seven 
had elapsed already and no nymph had yet been seen. Pos¬ 
sibly the normal hatching wan retarded by the heavy mins that fell 
almost coni inuonaly during the 10 days previous* Many eggs ex¬ 
amined were found dead and turning brown, but the percentage of 
suvh wn4 email. On the 2-kh ihere was no min ami the ssky mis 
only partly cloudy. The usual search revealed two nymphs on a 
punctured twig of a small ehmqtiapm, but that was &JL Some of 
the nests examined showed a few empty sheik, but, judging by their 
proportion, the great majority n ere still unhatdied. 

Flu* next day, the 23th, was hot and bright ail day. The trees were 
inspected in the afternoon. Their twigs had been bare the day 
before* Now, at the entrance holes of the egg nests were IHtla heaps 
of shriveled skins, thousands in all, and each so light that the merest 
breath of air sufficed to blow it off; so, if according to this evidence 
thousands uf nymphs Karl hatched and gone, the evidence of u& many 
more must have been carried away by the winds. An examination 
of many egg nests themselves showed that over half contained 
nothing but empty sheik. Whole series were thus deserted* and 
usually al l or nearly all of the eggs In any one series of nests would 
be either hatched nr unhitched. But often the eggs of one or more 
i3r>ts would he unhalched or mostly so in a series containing other- 
wise only empty shells. Delay appeared to go by nests rather than by 
individual eggs. 

As a very general rule the eggs nearest the door of an egg chamber 
arc ihr ones that hatch first* the others following in sucee^onvt hough 
* riot in absolute order. Thu on hatched eggs* if present, wen? til ways 
found :le the bottom of the nexl, with the inn ml exception of one or 
two farther forward. Only occasionally nn empty shall would bo 
found in the middle of nn imhtilchrd row. If the actual batching nf 
the eggs was observed m un opened nest several nymphs would 
usually be seen coming out at the same time, and in nearly all coses 
they were in neighboring eggs, though not always contiguous ones. 
So this rule of hatching, like most rules, is general but not binding. 

Hie procedure oi the female in, placing the eggs leaves no doubt 
that the first laid ones are those at the bottom of the cdl 3 showing 
that the order of laying has no relation to the order of hatching, 
except that ii is mostly the reverse. It seems hardly reasonable to 
^suppose that the eggs nearest the door are affected by greater heat 
*&r by a fresher supply of :iir, so I would suggest that the order of 
hatching nuy be due simply to thq successive- release of pressure along 
13u- tightly packed rows, giving the compressed embryos a chance to 
^|iiiriti and kick enough tu split the inclosing shells. W hen batching 
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once commences it proceeds very rapidly through the whole hcst F 
showing that the eggs tire nil at the bursting point when the rupture 
of tin? first takes place. 

In each lateral compartment of an egg nest the eggs (pL 4 7 E 
and F ) stand in two rows with their lower or head ends slanted to¬ 
ward the door, {It must foe remembered that the punctures arc made 
on the lower sides of the twigs* so that the eggs are invertcd in their 
natural position in the nests.) On hatch ing t each egg splits vertically 
over the head and about one-third of the length along the hack* hut 
for only a short distance on the ventral side. As soon as this rupture 
opens the head of the young cicada bulges out, and then, by a bending 
of the body back and forth, the creature slowly works its way out of 
the shell* which* when empty, remains behind in its original place, 
The nymphs nearest the door have an easy exit, but those from the 
depths of the cell find themselves atm in a confined space between the 
projecting ends of the empty shells ahead of them and the chamber 
wall, a passage almost as narrow’ as the egg itself, through which the 
delicate creatures must squirm Ln freedom. 

Now, a newly hatched Orthopteron* or a newly hatched or newly 
bom aphid, is dune up in a tight-fitting garment with neither sleeves 
nor legs, and a young grasshopper hatching under the ground has » 
difficult journey to the surface. But nature has been more con¬ 
siderate in the case of the young cicada, It,, too* comes out of the 
egg clothod in u skin-tight jacket* but this garment is not a mere hag* 
os with the other insects mentioned. Each is provided with special 
pouches for the appendages* or a part of them (fig* 8. i?) « The 
incased antennae and the la brum project backward us three small 
points lying against the breast. The front legs are free to the bases 
of the femora, though so tightly held m their narrow sleeves that 
their joints have no independent motion. The middle and hind legs 
arc ei Iso incased in long, slim sheathes, but they always adhere dose 
to the sides of the laxly. Thus the creature newly hatched much 
resembles a tin)’ fish provided only with two sets of ventral fins f but 
when it gets into action its motions are comparable with the clumsy 
flopping of a seal stranded on the beach and trying to get back into 
the water (fig. 8,5)* 

The infant cicada knows it is not destined to spend its life Ln the 
narrow cavern of its birth* or at least it has no desire to do so. 
With its head pointed toward the exit, it begins at once contortion- 
iotic bendings of the body* which slowly drive it forward. By 
throwing the head and thorax back the antennal tips ami the front 
legs arc made to project so that their points mny take hold on any 
irregularity Ln the path. Then it contractile wave running forward 
through tlie abdomen brings up the rear parts of the body as the 
1^3T3*—21—et 
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front parts are again lient hack T and the “flippers” grasp a new 
point of support. As these- motions Hire repeated over arsd over again, 
the tiny, awkward thing painfully but surely moves forward, per¬ 
haps helped in its progress by the inclined tips of the flexible egg¬ 
shells pressing against it, on the same principle that a head of barley 
automatically crawls up the inside of your sleeve. 

Once out of the door no time is lost in discarding the encumbering 
gnFluent, but it is never shod in the nest, under normal conditions. If, 
however, the nest is cut open and the hatching nymph finds itself in 
n free, open space, the embryonic sheath is cast off immediately, often 
the shedding begins while the posterior end of the insect's body is 
still m the egg and the skin may be left sticking in trie open end of the 
shell* Probably where this has been recorded as the normal process 
the observations were made on eggs in opened chambers. If the 
young cicada did not have to gain its liberty through that narrow 
corridor, it might be bom in a smooth bag as are its relations, the 
aphids. 

Watching at the door of an undisturbed nest during a hatching day 
we soon sec a tiny pointed head come poking out of the narrow hole. 
The threshold is soon crossed, but no more; this traveling in a hag is 
nnt ;i pleasure trip, A few ton tori inns are always neri-^iir y to rupture 
the skin and *nmclimes sc vend minutes arc consumed in violent twist¬ 
ing!! and bendings Sic fore it splits, When it does brcEik a vertical renf 
b formed over the top of the head, which latter bulges out till the 
cleft Incomes n rirric that enlarges as the entire head pushes through, 
followed rapidly by the body {fig. 8, J) + The appendages come out 
of their sheaths like fingers out of a glove, turning the pouches out¬ 
side in. The antennae are free first* they pop out rind hang siifly 
downward. Then the front legs are released n nd they hang stiff and 
rigid but quivering with a violent trembling, Tn a second or so this 
bits passed t the joints double up and assume the Characteristic attitude 
while they violently claw the air. Then the other legs and the abdo¬ 
men come out and the embryo is a free young cicada (7), All this 
usually happens in le^ than a minute and the new creature is already 
off without; even so much as a backward glance at the clothes it has 
just removed or at the home of its incubation period. Sentiment 
has no place in the insect mind. 

As the nymphs emerge from the nest one after another and shed 
their skins the glistening white membranes accumulate in a loose 
pile before the entrance where they remain till wafted off on the 
breeze. Each discarded sheath has a goblet form (5, tf), the upper 
stiff part remaining open like a bowl, the lower part shrivelling to a 
twisted stalk. The antennal and labral pouches project from the 
skin as distinct appendages but those of the legs arc usually inverted 
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during the shedding and disappear from the outside of the slough T 
tinntgh the holes where they were pulled in can lie found before the 
membrane becomes too dry. 

The nymph usually runs about at first in the groove of the twig 
containing its egg nest and then goes out on the smooth bark. Mere 
any current of air m likely to carry it off immediately, but many 
wander about for some time, usually going toward the tips of lho 
twigs, soma even getting clear nut on the leaves* But only a few 
nymphs are ever to be found on twig?? where hundreds have recently 
hatched, as shown by the piles of embryonic skins; so it is evident 
that the great majority either fall oil or are blown away very shortly 
after emerging. Many undoubtedly fall before the shedding of the 
egg mem brants, for the inclosed creature has no possible way of 
holding on and even the free nymph has but feeble clinging powers: 
Those observed on twigs kept indoors often fell helplessly from the 
smooth bark while apparently inn king real efforts to retain their 
grasp* Their weak daws could get no grip on n hard surface. In¬ 
stead, then, of deliberately launching themselves into space in re¬ 
sponse to some mysterious call from below (ns usually described) 
the young cicadas simply fall from their birthplace by mere in¬ 
ability to hold oil But the same end b gained—they reach the 
ground, which is all that matters. Nature is ever careless of the 
means so long as the object is attained, Soma acts of unreasoning 
creatures are assured by the giving of an instinct, others are forced 
by taking away the means of acting other wise. 

The cicada nymphs, like young scales, are at first attracted by the 
light* Those allowed to hatch on a table in n room left the twigs 
and headed straight for the windows 10 feet away. This instinct 
under natural conditions serves to entice them toward the outer 
parts of the tree, where they have the be^t chance of a dear drop to 
earth; but even so, adverse breezes, irregularity of the trees, under* 
brush and weeds can not but make their downward journey ona of 
many a bump and slide from leaf to leaf before the earth receives 
them. 

The creatures are too small to be followed w ith the eye ns they 
drop, and so their actual course and their behavior when the ground 
is readied are not recorded* But several hatched indoors ware placed 
on loose earth packed lint in a small dish* These at once proceeded 
to get below the surface. They did not dig in but simply entered the 
firet crevice that they met in running about. If the first happened 
to terminate abruptly, the nymph came out again and tried another. 
In a few minutes all bad found satisfactory retreats and remained 
below. The avidity with which they dived into nny opening that pre¬ 
sented itself indicates that the call to enter the earth is instinctive and 
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imperative with them once their feet have touched the ground. 
See, then, how within * few minutes their instincts shift to opposites* 
On hatching, their first effort is to ortrjeate themselves from the nar- 
row confines of the egg nest. It ^eems unlikely that enough light 
can penetrate the depths of this chamber to guide them to the exit* 
but once out and divested of their encumbering embryonic clothes 
they are irresistablj drawn in the direction of the strongest light, 
even though this takes them upward, just the opposite of their des¬ 
tined course. But when this instinct has served its purpose and has 
taken the creatures to the port of freest passage to the earth, all their 
love of light is lost or swallowed up in the call to reenter some dark 
hole, narrower even than the one so recently left by such physical 
exertion. 

When the young cicadas have entered the earth we practically have 
to say good-by to them till their return. Yet this recurring event is 
ever full of interest to ns, for, as much os the cicadas have been 
studied, it seans that there is still plenty to he learned from them 
each time they make their visit to our part of the world. 
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ENTOMOLOGY AND TI1E WAR + * 


By Dr. L_ O. How aid, 

Chief, Rumiu of Ent&mMw, U. & Department of AffriruUurf. h 


Rather frequently (Hiring the past IS months, meeting friends, 
they have said, by way of casual conversation, 4i I imagine that the 
war does not affect your work especially.” They did not atop to 
think of the very great importance of insects in the carriage of certain 
diseases, the ease and frequency of such transfer becoming intensi¬ 
fied wherever great bodies of men arc brought together, as in great 
construction projects, and especially in great armies. They did not 
realists, entirely aside fmm the especial diseases of this character met 
with by the troops in Africa, Mesopotamia, and in the region of 
Salonika, that even upon the western front, in a good temperate 
climate, warfare under trench conditions was rendered much more 
difficult by reason of the prevalence of trench fever which investiga¬ 
tions during the latter part of the war showed to be carried by the 
body douse. 

Moreover, with the same tack of thought whieh lends people to 
ignore the importance of the officers of the Quartermaster's Depart¬ 
ment as compared with those of the fighting arms of the service, they 
failed to consider, not only how damage by insects to growing crops 
influences the food supply of armies, but also how* greatly grnins and 
other funds stored for shipment to the front or on the way to the 
front may be reduced in bulk by the work of the different grain 
weevils and other insects affecting stored foods. Tn addition, they 
did not think of the damage done by insects to the timber which 
enters into the building of ships, into the manufacture of wings for 
the airplanes, and that which is used for oars, the handles of picks 
and spades, and which even occurs m such wooden structures and 
implements after they have been made—in the implements, not when 
in actual use, but rather in the period of storage and shipping, A 
striking example of this latter damage is seen in the history of the 
Crimean War, when England, after a long period of [ware, provided 
the army which she sent to the Crimea with long-stored tools for the 
sappers and mine re. anti it was found that the handles crumbled 
through the work of Lyctus beetles* 
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As a matter of fact, war conditions have intensified the work of 
the entomologists and hare enabled them to make the importance 
of their researches felt almost sis never Wore. Long before this 
country entered the war* the warring European nations had met with 
many of these problems in force. We know of the early ravages id 
typhus in the Balkans; we know of the loos through other insect- 
borne disease in the eastern expeditions; and it is most interesting 
to realize that* although the need for the services of trained entomol¬ 
ogists with the troops was not realized at first, later every sanitary 
unit in the British Expeditionary Forces carried two entomologists. 
Few people know that as early as 1915 there was a conference of all 
the principal official entomologists of Eussiu to consider the vital 
question o£ the loss to stored grains by weevils. Later this same 
matter was taken up by the British Government, and her best eco¬ 
nomic entomologist was sent out to Australia to endeavor to Safe¬ 
guard Australian wheat accumulating at the seaports for shipment 
to San Francisco, to lie milled in this country to replace the milled 
grain which this country’ bad sent to England (this route of ship¬ 
ment being chosen to avoid the long sea haul from Australia to Eng¬ 
land with possible added weevil damage during the journey! to say 
nothing of submarine dangers). 

The story of the early efforts of the European governments to 
control the body lice which carry typhus, and T as found out later, 
trench fever, is interesting. Shipley in England published early 
papers and a book entitled ih The Minor Horrors of War,* in which 
everything that was known up to that time about lice was mentioned. 
In France, lloulbert published a pamphlet covering the same ground, 
atij ihe women of 1 ranee made an enormuiis number of camphor 
sachets fur Bio kiapps to carry next their skin in order tn deter lice* In 
Germany,Haase, stationing himself near a camp of lUr^hm prisoners 
where living material was, to say the least, abundant, made, with 
that infinite intention to detail charoctevikie of the Germans, a care- 
ful study of the body louse* and published n sizable book giving the 
results of bis investigations; Attention to important details is ml- 
nurable, but when a writer devotes several id lust rations and a minute 
description to the method by which a haise, m * idt utally finding itself 
on its back, resumes its normal position with the back upward, as 
Haase did* the practical reader is inclined to smile. 

Later, however, much practical work was done by till these nations. 
Delonsing stations were established; an admirable investigation of 
nil aspects of the subject was carried on by Nultull at the Quick 
Laboratories in Cambridge, England, and conditions wore much im¬ 
proved before the United .States troops began to mass and to Ihj 
shipped across the Atlantic* 
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As will be remembered. one of the earliest mutters taken up by 
the Congress of the United States after the declaration of war in 
April, 1917, was the consideration of appropriations for the stimu- 
Jlit ton of crop production, and in this consideration, naturally, one of 
the points was the control of ilie principal insect enemies of staple 
crops. Prior to nny congressional action, however, the Bureau of 
Entomology started » count nr-wide reporting service on tin* condi¬ 
tions concerning these principal insect enemies, and engaged in excel¬ 
lent cooperation, not only all of the State entomologists, the entomolo¬ 
gists of all of the agricultural experiment stations and the teachers 
of entomology in the colleges, but also the demonstration agents, the 
statistical agents, both State and Federal, the weather observers, 
and the field men of the Forest Service. The if lea was to bring about 
ns fur as possible almost a census of insect damage and prospects, 
so that the earliest possible information should he gained as to any 
alarming increase in numbers of any given pest and that tins inhu¬ 
mation should be received at n common point (Washington) and 
distributed where it should be of the most good, a nil that it would 
enable repressive measures to be undertaken a: the earliest possible 
moment in order to check the threatened loss. All reports received 
in this way wore digested and were distributed all through the grow¬ 
ing seasons of 101“ and 1018 to the official antomolgists of the 
country. 

Soon after this service was instituted the funds for food-crop 
stimulation became available, and trained men were employed for 
demonstration work to act in connection with the extension service 
of the department and of the different State colleges of agriculture. 
These men were aligned to different localities and took care of the 
demonstration work against the principal l>ests of staple oops all 
over the United States. Some of them were specialist® in the in¬ 
sects which attack truck crops; others io those which damage field 
r-rops: others in those which affect Orchard-?, and m oil Especial 
attention was given to the control of the grasshoppers which dam¬ 
age grain and forage crops and to the sweet-potato weevil, an insect 
which bids fair to seriously affect the output rtf the Smith uf lids 
important vegetable. 

Aided, it is true, to n considerable extent by the winter of 1917-1$, 
which from its unprecedented cold had a destructive effect upon 
many important insect fiesta, and to a lesser extent by the ebar- 
nrh-r of the winter of 1910-17, which ; d--<> was, n hard one for inju¬ 
rious insects, the economic entomologists, including the demon¬ 
strators, accomplished much. Owing to peculiar weather condi¬ 
tions in the early spring of 1017, certain insects not hitherto notably 
Conspicuous appeared in great abundance and added new problems 
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to tire production of certain crops. A not abb example of such 
inserts w*s the potato aphis* a species which previously bad done 
u I most no damage, but which appeared in countless numbers th rough- 
out certain of the Middle Western States in the early summer of 
that year* Notable work was done with the destruction of gross- 
hoppers by the poison erf-bait method, and it is safe to say that many 
hundreds of thousands of dollars, perhaps milt ions of dollars, worth 
of food crops were saved in this unusually intensive work A single 
instance among many may be given in more detail. 

Jri the State of Kansas the season of 1918 was remarkable for one 
of the worst grasshopper outbreaks that have occurred in that State 
since 1913. The danger of this outbreak was recognized during the 
full of 1917, and a grasshopper-egg survey was instituted in coopera¬ 
tion between the State Agricultural College and the Bureau of Ento¬ 
mology, The results of this survey showed that without doubt a 
great hatching of grasshoppers was imminent, and extensive coopera¬ 
tive plans were immediately made. Winter meetings were held 
throughout many of the counties in the western one-third of the 
State, and the farmers were organized and [dans matured for the 
purpose of purchasing bran in large quantities, and then prompt 
distribution of poison was made us soon as the grasshoppers began 
to hatch* In eight counties of the State fifijXH} pounds of white 
atonic in fifth tons of wheal bran were used in the preparation of 
poison bait, which was distributed in an amount exceeding 900 tons. 
The counties coo panted in most cases financially. As a result of this 
general application of the bait, it appears that some 113,000 acres of 
wheat ware saved from destruction. Estimating 14 bushels per acre, 
which is considered a full crop in western Kansas, with wheat at 
$2 per bushel, this represents a value of approximately $3,^)00,000 
saved m Kansas. This figure is considered conservative* according 
to the officials of the State Agricultural College. 

In addition to the control work on grosshopjjers affecting wheat 
fields* it is estimated that 23,000 pounds of poison bait was used 
throughout Kansas for the purpose of protecting alfalfa and sugar 
beets, and it is estimated that 100,000 acres of alfalfa in western 
Kansas was saved by this application. With alfalfa selling at £20 
per ton. thh represented $2,300,000. 

It should bo mentioned incidentally that, all this control work bids 
fair to he greatly hampered by the derangement of the insecticide 
situation in this country* due to war activities* Not only was the 
importation of arsenical s stopped, hut their production was greatly 
limited by the fact that the smelters, from which arsenical com¬ 
pounds are gained ic> by-products, were so rushed in the production 
of urgently needed metal that by-product industries were largely 
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stopped, and by the further fact Hint more than a third of the actual 
production under these limitations was. toward the end, used by the 
Chemical Warfare Service. Nevertheless, the entomologists and the 
chemists and the insecticide monufar tuners held frequent conferences 
as to how best to utilize the reduced quantity of arsenical insecticides 
to insure the protection of crops to the greatest extent possible, and it 
resulted that, although the amount of arsenic available was really 
insufficient to meet normal demands, yet by conservative use end 
better distribution the requirements of the farmers, fruitgrowers, 
gardeners, ami others were met. 

There might be mentioned also another side activity entirely due 
to war conditions. The extensive use of castor oil in airplane work 
made it necessary to grow the castor bean plant in great acreage in 
this country, since practically none was to be bud elsewhere, the 
large Mexican crop having been bought up and sent to Spain, prul>- 
ably tu secret German bases. Therefore, under Government con¬ 
tract, thousands of acres of this crop were planted in Florida and 
elsewhere, Now-, although the castor-bean plant had not hitherto 
been known to he subject to serious insect attack, the planting of 
these large areas was immediately followed by the increase of cer¬ 
tain injurious insects nud by serious damage to the growing plants 
by the southern army worm and other species. Entomologists were 
at once tailed in, ami through rapid ami able work much of the 
threatened damage was prevented. 

In the meantime the entomologists were able to be of service to 
the country, and especially to the military forces, in other ways. 
The damage to stored grain and to grain in shipment, which has 
been previously referred to, soon came to the front. Enormous quan¬ 
tities of grain and other materials were accumulated at the port of 
New York for shipment to Europe. The immense warehouses at 
the Bush Terminal in Brooklyn were centers of accumulation of 
such material. The Bureau of Entomology was called upon for 
advice by the War Department, and a laboratory was stationed at 
this terminal, when 1 : men experienced in the study of insect pests 
of this character were stationed, where competent inspection was 
made, and where arrangements were made for the proper fumiga¬ 
tion or other treatment of stored products found to be infested with 
insects. 

In addition to tins work ut the Bush Terminal m Brooklyn, ex¬ 
perts on the Pacific coast ami in the South were engaged in the 
inspection of many warehouses and mills where fowl supplies were 
stored, and throughout the entire period large supplies of food that 
were being seriously affected by insects were located. The owners 
of such supplies were advised of the necessity of prompt action in 
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order to urn id hirlher IbsLWs and were slwrvti how to prevent losses 
of newly flv»|uired supplies that wore free from inserts. 

The wime sort of work was done in regrini to inser ts affecting 
liunlHT nnd stored wooden implements, Early in l!M7 a conference 
tvas held with represiaitativcs of the branches of the War tmdi Navy 
Deptrliuenls, Shipping Board, etc,, which were responsible for the 
supplies drawn from the forest resources of tho country. The 
object of this conference was to offer the services of the cnli.molo- 
jtrit-ts iLfitl to explain how they could help, through special mvestiga- 
turns Lind advice, toward preventing serious losses of forest resources 
and damage by wood atid hark boring beetles. Investigations of 
logging and nuinufactoring ojierntions in Mississippi to meet the 
demand for ash ojjiv, handles, and other supplies required by the 
war service showed, for example, that one company had lost "more 
tkbim t ,- 11 | feet of ash logs through failure to provide for prompt 
Utilisation after the trees were cut, thus preventing the attack of 
the de lna tive ash-wood borers. Serious losses to seasoned ash and 
*>*her herd wood sap material from “powder post," it was pointed out, 
could he prevented through the adoption of certain methods of man- 
ii gun lent by the manufacturers and shippers with little or no uddb 
tional cost. 

The argent demand for spruce for the construction of airplanes 
led to an exceptional effort by the Spruce Production Board to 
utilme the great resourced represented by the Sitka spruce of the 
I’ltciRt const. It wns scon realized that damage by wood-boring 
in.-c -ts lo the logs was a serious matter and that the advice of the 
esp i ! cat ujologiat was essential to prevent losses of the best ma- 
teriaL 

The problem was investigated by the entomologists, and it was 
found that the prevention of the damage and loss was a matter of 
nnthodx Of management in tlu< logging operations and prompt 
utilization during u ihuvi period in the year when the insects were 
ftburitJanL 


T arly m the war. and especially after the United States ismed its 
declaration, the shortage^ sugar made nreessu^ an increase in Lhe 
supply <d supplemental sweets, and since none of these could 1» 
tnrreasi:'! more economically and more promptly than lionev, oiul 
noni! ‘ thcm n value ns food than honey, gnat 
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on hw (1 isense.-;„ discontiniifcd and intensive* extun^ton work wjij 

Iwpui], .Specialists were Bent out. held meetings, addressed more 
thiin Ijeekeapers, visited the apiaries, and gave personal in¬ 

struction, with the result that the honey crop was greatly increased. 
Our exports of honey to allied countries have increased sit least ten 
times over those of any period previous to the war, and hi the mean¬ 
time the domestic consumption of honey has greatly increased. 

Returning once more to the important subject of medical ento¬ 
mology: During the period of the war the Bureau of Entomology 
maintained a thorough cooperation with the Office of the Sur- 
pon General of the Army in the matter of experimental work on 
insect problems. 1 nder the National Research Council’a committee 
on medicine a sub-committee on medical entomology was established, 
of which the Chief of the Bureau of Entomology was made chair¬ 
man, and Doctor Riley, of the University of Minnesota, and Donor 
Brnes, of the Bussey Institution of Harvard University, were the 
other memljcrs. Important work on the louse question was done by 
Doctor* Moore and Hiracfcfelder, of the University of Minnesota, 
the former an entomologist and the latter a chemist, and by Doctor 
Damson, of the Connecticut Agricultural College. Under this com¬ 
mittee an enormous amount of experimental work was done with the 
different health problems in which insects are concerned. 

For example, every suggestion that came to the IVar Depart meat 
in regard to the control of the body louse was referred to the ento¬ 
mological committee or to the Bureau of Entomology, and those 
which were promising were experimentally tested, either nt Wash¬ 
ington or at Minneapolis, or for a time at Now Orleans, where a 
branch laboratory was instituted. At the request of the Army War 
College and the Medical Department, as well as the Chemical Warfare 
Service, tests were made of *a new poisonous gas. This led to exten¬ 
sive experiments in cooperation with the Chemical Warfare Service 
leading to the possible utilization of the gases used in warfare as 
fumigants for the control of insects and diseases. At the request of 
the Quartern aster’s Corps a complete investigation was made of all 
of the processes of the American process nf laundering adopted by 
the Army, and also of the dry-cleaning processes mud the hat-repair 
processes. In these investigations the cooperation of the entomolo¬ 
gists of the Bureau of Entomology with chemists of the Quarter¬ 
master's Corps resulted in the perfecting of the laundry processes 
so that it is now possible to guarantee the complete control of vermin 
in the laundry if the laundering is carried out according to the 
methods recommended, which are very slightly different from those 
in common use. It was found that I he laundry machinery gave 
ample means for any sterilization of clothing necessary. Iu the in- 
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vestigntiom of the dry-cleaning processes it was {mini] that Llie entire 
prex-ess gave complete control of vermin, but that gasoline treatment 
alone was not n perfect control* Thb discovery led to a long senes 
of important studies of the effect of various densities of nils on insect 
eggs. At the request of the Chemical Warfare Service various sub¬ 
stances nnd impregnated clothes deviaed for the protection of soi- 
cliers against gus were also tested as to their effects upon verm in. By 
a special request of the electro-therapeutic branch of the Office of the 
Surgeon General of the Army, investigations were made of a high- 
frequency generator ns a control means against the body louse, and 
aa a result of these investigations Suggestion was made os to the pos¬ 
sible application of high-frequency electric treatment for the control 
of gobies and other skin-infecting parasites* Cooperative investigu- 
tions along this line are about to l>e taken up* 

Among other problems investigated were the sire of the meshes 
in mosquito bar necessary for the protection of cantonment build- 
ings from disease-rufrying mosquitoes; reports on the insects likely 
to be found injurious to troops sent to Siberia; investigations of the 
protective qua lilies against lire of fun* dyed in various colore, and 
so on. 

A series of lectures dealing with important sanitary problems from 
the insect siefo were mimeographed and were sent to persona in the 
Army, Navy, Public Health Service, and in civil life who were 
preparing themselves for or who were actively engaged in sanitary 
entomology. 

A*iik- from this extensive cooperative research, entomologists were 
irtunlh 1 1 sc t in the Army, a number of them being given mnirois- 
sions while others acted as noncommissioned officers, assisting in the 
camp work on the control of insects that carry disease. The rommis- 
Eioning of exjiert entomologists for this? kind of work waif difficult, 
owing to the organisation of the Army, but had the war continued, 
it is safe to say more and more entomologists would have been cm 
l -‘ 10 4“* "nportant work, whether commissioned or not. The 
records made by a number of these men were Admirable and met with 
well merited praise in Army circles. In great concentration camps 
in several instances entomologists were placed in entire charge of 
matters of mosijinto and fly control under medical command or 
under sanitary engineers. 

In addition to this cooperation with the Army itself, the Bureau 
of Entomology also cooperated with the Public Health Service, 
which had the extremely important work in charge of the health con 
trol of areas immediately surrounding the concent rati on camps, and 
held itself ready to assist in this work whenever called upon 
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This statement of the work of the entomologists during the war 
might be extended very considecibly. Many additional instances'of 
the value of their labor* might bo detailed: but perhaps the impres¬ 
sion which will l* left hy what has just been said will be quite as 
strong as if more facts were added and more time used. 

Perhaps this is an nppoit unity, however, io call attention iu a strik¬ 
ing manner to the work which the economic entomologists are doing 
nil the time. While all this other intensive work was going on, for 
example, the Federal entomologists were making a great fight in 
Texas by which the pink bollworm has apparently been absolutely 
wi(:)ed out in the districts in the United States Infested last year and 
at the same time there has developed a system by which damage done 
by the cotton boll weevil can economically be greatly reduced, which 
may be said to be the culmination of the work of many year*. 

Incidentally it may he mentioned that the preeminently practical 
men who have, under the State and Federal Governments, been work¬ 
ing for years in this extremely practical nnd important held, had 
supposed that the value of their work was generally recognized and 
that they were known to be scientifically trained and competent in¬ 
vestigators whose advice and help meant everything in the warfare 
against insect life. But they were surprised and chagrined to find 
that evert in certain high official circles the old idea of the entomolo¬ 
gist still held—that he was a man whose life was devoted to t lie differ¬ 
entiation of species by the examination of the number of spines on the 
legs and tlie number of spots on the wings, The economic entomolo¬ 
gists arc thus evidently still unap precis led. Shall they change the 
name of their profession to ovoid the survival of the old association 
with trivial things, or shall they work steadily on with the ultimate 
hope of gaining the confidence and resjject even of the old-fashioned 
element of the people? 
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TWO TYPES OF SOUTHWESTERN CLIFF HOUSES. 


By Wum J* kvv kf,^ 

Humi« 0/ CmciToiu tithnrftipp. 


[Wifi 0 plAUv.] 

There are probably few areas in the United States where there is 
a greater contrast in physical features, fauna, and flora than southern 
Arizona and New Mwien on the one hand and the northern regions 
of the same, including contiguous portions of the adjacent States, 
Colorado and Ltali, on the other. Each urea has elinrartcri-stiv 
geological and biological peculiarities; the rivers partake of the 
same differences. The lower Gila through much of its course 
flows through a great stone!e$s plain conspicuous by its cacti, its 
spine-bearing trees, mesquite, and palu verde. Its northern tribu¬ 
taries rise in high mountains in which this desert vegetation gives 
place to dm rac ter is tic genera whore sagebrush, cedars, pines, and 
spruces replace the Mexican chaparral. Both areas show evidence 
nf great erosion, forming canyons (pi. 1) with many natural caves 
in their walls. 

The prehistoric human inhabitants of the two areas, as shown by 
ihe monuments left behind, also show marked peculiarities. Judged 
by his skill as a house builder, man reached & high development in 
l)oth of these areas, but in both the mason's craft deteriorated and 
the culture of the builders was materially changed or disap [wared 
before the advent of the white man. Theoretically there is a relation 
of cause and effect between these differences of environment and cul¬ 
ture as indicated by architecture, and it is the object of this brief 
article to portray certain peculiarities in the character of cliff houses 
found in these geographical areas. 

So far as we can interpret the history of man in the temperate 
zone, the oldest evidences of his presence occur in caves. Even be¬ 
fore he built dwellings of stone he utilized caves as the best sheltera 
his environment presented for that purpose. In the various steps 
in his advancement since that time he has lived in caverns, either 
natural or artificial, and often the construction of the buildings on 
these site is noteworthy. What, in fact, would ho more natural than 
that man in the early stages of bis culture history should seek a rave 
or overhanging rock shelter for the protection of whatever food ho 
12573"—-21-23 421 
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had accumulated f IIis intelligence won 14 tw* It’S? than that of the 
lower animals if be had not. For be may have Ixcn satisfied with 
the shelter nature thus afforded, hut that complacency could not con¬ 
tinue, for ambition always urged him to improve his condition; 
otherwise then* would have been no subsequent civilization. He in¬ 
vented a better home; he early devised a walled-in structure, at first 
crude, afterwards more elaborate {pi. 2), even l*sautifying it to 
please his esthetic sense, lie constructed buildings in the open, ns 
necessity dictated, for caves are localized, and in its migrations the 
human race spread over grassland and plain os well as mountainous 
regions; hut it may lie said that the history of a savage race where 
raves exist naturally opens with the utilization of these sites by man 
for his comfort and for a place in which to keep his possessions. 
When the American Indian first came into the cava country of our 
Southwest he was, however, no savage; he had long dwelt in houses 
of some kind and had brought with him a gift of his gods, the food 
plant, maize, the cornerstone of his future development. This key to 
bis civilization led him to avail himself of caves for his domicile, and 
there is objective material left by him at all stages of his evolution 
from which to trace the progress of the building from simple begin¬ 
nings to the most elaborate construction to which he attained. 

I have spoken above of maize, the supposed gift of the gods, which 
lie brought to the cave country. The foundation of ail culture is the 
maintenance of u food supply, and the first steps in the advancement 
of the human race were the discovery of an artificial means for in¬ 
crease and regulation of that supply. So long as man was dependent 
on the dally result* of fishing or hunting he had scanty time to devote 
to advancement, hut a domestication of animals or a discovery of food 
plants capable nf living cultivated and preserved for future use, when 
necessary, started him upon an upward course to a higher culture. 

The bulky food supply of various products of a vegetable nature 
requires storage after harvesting and the agriculturist is driven to 
seek out places to contain it or to construct bins for that purjioso. 

1 nmuive man in a country where caves exist naturally utilized these 
shelters for that purfioae. Here we hare one of the moat important 
reasons why the agricultural Indians 'of the mountains originally 
adopted caves for preservation of their food supply. The improve¬ 
ment of thus shelter by the erection of bins naturally followed; «w> 
fcTijuently in studying the relations of cliff dwellings to maws develop¬ 
ment of OUT Southwest we should always have clearly in mind the 
storage of corn, which was so important under early conditions and 
the necessity for which survive to the present time 

The production of the food supply of an agricultural people is 
limited to a part of the year. From harvesting to planting the earth 
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Cuff Dwellings. Pueblo Canyon. Slelhra Ancha, apache tbail. Arizona. 
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Spruce Tree house. Mesa Verde national park. Colo, 
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yidde nothing, Man then consumes an accumulated supply of fm\l 
Then \t was that the cliff-house farmers rv-ilrecl to the it caves, in 
which they hud stored their corn, necking whatever comfort was pos¬ 
sible. Tims the cliff house (pi. 3) Ijoeasma the winter residence of 
the farmer. In the warm sumnitt he could live in primitive brush 
lodges near his farm, but iu winter hr retired to hh winter home in 
the dUEs, where* with abundant food at bund, it was possible for 
him to devote himself to improvements in his arts and the construc¬ 
tion of better habitations: but above all, feeling the capridmisncss of 
nature, upon which his future crops depended* and haunted by a fear 
that the gods would not be propitious in the coming year, lie per¬ 
formed a ee&seless round of ceremonies to appease or control Lhcm, 

Various theories have been propounded to explain why extensive* 
community houses with elaborate ceremonial I rooms were built in 
cliffs, AVe arc told that they were constructed in inaccessible places 
for protection against foes. It has been suggested that cliff houses 
were horticultural outlooks, notwkhstimding the most elaborate of 
them look out into deep canyons, devoid uf soil and iuiposrihk as sit*** 
ui farms. Cliff houses were primarily winter homes, protected from 
tiro dements by natural conditions and used primarily aa storage 
places for food. Open-air pueblos w ere later constructed for the same 
purpose, and they also served as habitations during the long winter 
months. 

Buildings in caves with stone walls occur idmogl everywhere in 
the world when? man has advanced to any high degree of develop- 
inent. We find them m countries bordering the Mediterranean, 
dating back to the dawn of history; in Aria and Africa wherever 
geological conditions permit Xor is the cliff dwelling ne^’tssarily 
a liftbiiation which man has outgrown. In France, as shown by Mr, 
Baring Gould, these houses are still inhabited, And many additional 
examples might he* mentioned from all over the world where men 
still live* All prehistoric or modem cliff dwellings are not built in 
the same form. They have a common site but greatly [Efferent con¬ 
struction. The cliff dwelling* of the Far Enat ure oriental build¬ 
ings and those of the Dordogne in French caves arc typical dwellings. 
American cliff houses are characteristic buildings of American abo¬ 
rigines. The dwellings in coves of the Fnited States are practically 
confined to four States—Colorado, Ftafi, New Mexico, am! Ari¬ 
zona— but even in this area, while they have the same rite and super¬ 
ficially resemble each other, we find when their structure is studied 
that they differ. Two types may be readily recognized* one found in 
southern Arizona in the upper retches of the Gik and Salt Rivers: 
and their northern tributaries, the Verde and Ton to; the other in 
the northern part of the same State, and on the tributaries of the San 
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juun in Utah and Colorado- The essential difference is the existence, 
in the latter, of a room specialized in form and structure for a distinct 
purpose, of which no Uomologue appears in the cliff houses of the 
Cilia area. Tiie differences that give us two great groups are so futidu- 
mental that when we examine the implements and domestic objects 
found in groupschameterized in this way wc find they also differ. 

There are large cliff dwellings in the mountains of (,. hihnnhua. 
Old Mexico. These resemble in their sites the cliff dwellings of the 
Han Juan and there of the Gila, but differ from them in structure. 
They have no signs of circular rooms as the former, and, unlike both, 
have a peculiarly forme cl granary resembling ft large invert oil vase. 
The cliff houses reached their highest development, so far as va¬ 
riety of rooms anti excellency of masonry gu*s, in the Mesa t erde, 
Colorado. These cliff houses (pL 4} are also distinguished from 
others m the Southwest by the form and character of specialized 
rooms. Here we find the most complicated form of specialized rooms, 
called kivas, with the best masonry and the most elaborate roof*. 
Moreover, a kiva of this form and structure is prehistoric, and practi¬ 
cally disappeared before the written history of the Indians began. Its 
presence indicates the extent of one type of culture area, its absence 
another, and on the periphery where the two culture types overlap 
both become obscured or degenerated. 

Taking, then, the circular form of the kiva as a chare etc rist i’ 
feature, we may suy that the southwestern cliff house bus two forms; 
one with a Iciva wilh a domed roof. the other with a flat roof; one 
constructed of regular horizontal, the other of irregular horizontal 
masonry; both forms were evolved from antecedent houses built of 
mud plastered on earth, or vertical undressed slabs of stone. 

A second greul group of cliff houses in the Southwest is that in 
which no circular kiva exists; where, in fact, no kiva of auv form 
has yet been detected (pi. 5). As the circular kiva is limited to « 
definite geographic area, so the kivaless cliff houses are likewise 
confined to others. So far sis site goes, they are alike, hut their 
masonry is poorer ami the objects in them are different. AIL these 
differences point to another kind of cliff dwelling, that of southern 
Arizona and southern Sew Mexico, 

The deterioration of the circular kiva, or shall we say the arrested 
development of the same, appears in the region north of the Hopi^at 
Marsh Pas, and in the great ruin called M Kitscel ** in the Navajo Na¬ 
tional Monument. Hero the kiva loses the distinctive character of a 
vaulted roof and other features, still retaining, however, certain 
morphological elements, as the ceremonial floor opening, the venti¬ 
lator, and the fire screen. It is simpler in form, but it is still a cir¬ 
cular kiva. 
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Spruce tree House, Mesa V^noe National Park. Colo. 
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Cliff Palace. m^isa Vgrk NATIONAL Park. COLO. 
















SffiWNnlin ftppgii, Ifll 1 ?, FWh» h 



Cliff dwellings, Coon Cheek. Sierra Ancha. Apache Trail. Colo. 
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Cuff House, gh.a National monument, &hiz. 
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In a somewhat similar way in the modem elreiilir kivus .si ill used 
by the Eio Hninile Pueblos the mof has not the complicated structure 
of the pure tyjjc of the Mesa Verde, but as in those of the Navajo 
Monument we are unable to say whether it fans resulted from un 
arrested degeiicE-ate development. In the Mesa Verde we find a few 
examples of flat- roofed kivii^ T but only a sporadic example of the 
vaulted roof or prehistoric form occurs outside the basin of the 
upper San Juan. 

The elolaorate construction of lbe Mesa Verde kiva is thus adopted 
to distinguish one culture area of the Southwest, and wherever we 
find it we may be reasonably sure that the people who made it were 
nkin. 

A typical cliff dwelling of the southern type occurs on the upper 
Salt Hirer, a tributary uf the Gila, situated not far from Koosevelt 
Dam. and is shown in plate €, This ruin, sadly in need of excavation 
and repair, is, however, protected by the Government and quite easily 
accessible from the Apache Trail* Although of large size, its ground 
pi mis show" no circular or other room that can be identified as a kivu, 
the structural peculiarity that separates all tike dill dwellings of the 
Mesa Verde in the San Juan Valley from those of the Gila Basin, 

What most strongly strikes the visitor u> these southern cliff houses 
is their relation to eniirenment. Not only the geological format ion of 
the cave, but also the human habituirons are characteristic. All 
rooms have right angles and are somewhat larger than those of the 
Mesa Verde cliff dwellings. The unusually thick layer of adobe 
plastering covering the inside and outside of the rooms is also char¬ 
acteristic of these ruins* Another good example of the Southern type 
uf tdi ft house is Montezuma Castle in the Valley of the Verde * u 
northern tributary of the Gila-SalL Tlie accompany lug photograph 
(pL 5) shows another example of the southern cliff house found in 
the Sierra Antrim, which belongs to the same type us that (f>L -0J near 
Roosevelt Dam, As examples of aboriginal masonry their walls are 
inferior to those of the Mesa Verde, but the hand of the plasterer lias 
so concealed their imperfect masonry that externally they present a 
much better appearance. 

Culturally tlio inhabitants of tbe southern type of cliff houses bear 
the same relation to those of great compounds like Casa Grande as 
people of Mesa Verde cliff houses du to those of Far View House, fine 
of the pure pueblos in the Mummy Lake group. The great rectangu¬ 
lar wall that incloses a ruin like Casa, Grande is absent in these cliff 
bouses for obvious reasons, and the material of which they are made 
is stone instead of earth* hut the type of construction is the same. 
Transport the great cliff house near Roosevelt Dam to the siauetes 
plain bordering the GiD Elver or Tonto Creek and surround it by a 
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rectangular mill and wc have the characteristic compound type of 
ruin. 

It is evident that the cave Bites of the cliff houses on the Salt River 
and its tributaries are similar to those of the northern tributaries of 
the San Juan, and yet the culture of the cliff dwellers was very differ¬ 
ent* The inference suggested by the presence of numerous kiva±> 
characteristic of the latter and their absence in the former is that 
while the inhabitants of a cliff dwelling without kivas may have had 
many complicated rites and certain rooms for that purpose we cun 
hardly believe the ceremonies of this i>eople were as elaborate. 

There is no reason to doubt that the cliff houses of the Salt River 
ns well ns the great compounds of the neighboring valleys were 
prehistoric, or were probably without Inhabitants when the early 
Spanish travelers entered the country. As in the Mesa Verde they 
reached u high development, declined, and disappeared, leaving only 
their monuments as evidence of their existence* In southern Arijwna. 
a people of a somewhat different culture from those of Mesa Verde 
developed an ability to construct large communal building's, but their 
habitations were made of rude earth or logs like those of the historic 
Rima or Papngos. My conclusion is that the rise, culmination, and 
flecline of two different phases of architecture occurred in two regions 
of the Southwest, each developing independently or along its own 
lines nf growth. In the course of their history the inhabitants of 
these two areas increased in number and the horizon of each culture 
area turning in contact overlapped, forming a zone with dm ratters 
of each. Here their descendants survived among the Hop! and Zimi 
up to our own time an a mixed people, slill furthur modified by 
foreign influences retaining certain elements of each area. Survivals 
in the modem pueblos have brought to our time the membra disjecta 
of past phases of culture, and still have a great deal to teach us re¬ 
garding tiie post. 


oy THE RACE HISTORY VXD FACIAL CHARACTEIHS- 
TICS OF THE ABORIGINAL AMERICANS. 


By W. H. Holuks. 


FWIUi H [hlnli'M.) 

HIllTII OF THE KACE. 

Among the mam mtirvtls that modem lienee lias brought to light 
none is more wonderful am! none less welcome than that which 
defines the place of man in the scheme of nature—his origin and hk 
kinship, .physical and intellectual, with the whole vast range of 
living things. It is made clear that the several races of man to-dav 
represent the culminating stages of a branching series which con¬ 
nects hack through simpler nml still more simple ancestral forms to 
the primary manifestations of life in the remote past. 

As outlined by the researches of the naturalist, the story of the 
becoming of the race is simply told. It is observed that the forms 
taken hv the evolving life series were necessarily due largely to the 
environmental conditions under which they developed—that a world 
of waters molded forms fitted to live and move in the water, that a 
world of land developed distinct types accommodated to the condi¬ 
tions of the hind, and that an environment comprising both land 
and water brought into existence types adjusted to hath land and 
water. On the land there were further adaptntions to special con¬ 
ditions of the particular environment The inhabitants of the plains 
differed essentially from the inhabitants of the forests, for while the 
one employed the four members of the hotly in locomotion, the other 
used the feet to walk and the hands to climb and to do: and here is 
found the point of departure in the shaping up of the special being 
called man. Fitness for higher things was determined by the forest, 
for life among the branches and the vines developed the grasping 
hand, and the hand made man a possibility. The hands alone, how¬ 
ever, were not responsible for the full result, since had the met* con¬ 
tinued to dwell in the forest man would to-day be merely a simple, 
undeveloped deniren of the woodland. The feet made the conquest 
of the earth possible. It is assumed that by reason of some unde¬ 
termined contingency, such as great increase in population, the de¬ 
pletion of the forest food supply, or other gradually developing 
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fillip, lire children of the woodland cradle wore compelled to j seek 
their fortunes in the open, nml the real struggle of existence begun, 
ike struggle that perfected the raaru The grasping hand-, freed from 
ihe forest and free to net independently nf locomotion, led to the Ui*e 
of improvised implements in meeting foe*, in preparing laud, in 
constructing defenses and shelters, Lind finally to the shaping of 
tools, Ha? initial step in t Ko evolution of urt., while the feet enabled 
their possessor to move with freedom in the pursuit of varied call¬ 
ings, Thus the hands, with the aid of the feet* directed by the 
rapidly developing brain, conquered the wort h 
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Prolonged study of I he available tracts of man's origin and early 
movements as recorded in the book of books — the geologic strata— 
has led to the view that the natal phirc of ilia race must be .sought 
somewhere in southern Asia or on the great islands of die southern 
svaj. -is eunceivod to-day t die outward movements of the human pio¬ 
neer from the priniev ul house were at first and for a long time hesitat¬ 
ing and alow* Sew conditions had to be met and diversified obstacles 
overcome, the exigencies of existence tending to develop the capaci¬ 
ties of With brain and hnud, und new envirosinieiite to modify and 
euiphiisfze the physical type of the isolated groups. We may think, for 
rajunple, of certain groups of pioneers as they ventured into the open 
turning their faces to the west, occupying the valleys, skirting the 
shares of the inland sens, and climbing the intervening ranges until, 
in the fullness of Lime, Lhe shores of the Atlantic were reached. 
Centers o! population would develop ut many points, and in western 
Europe tracts of occupation recently uncovered date back to remote 
I m' itxb. From l h ex-* i eiiler- ex [ >a sl- ion wouk11abepho -e in uumy direc¬ 
tions. Not finding a passage to the western world beyond the shorts 
of Britain, the pop a] at tons would from necessity spread to the east, 
where they would encounter other cur renin spreading to the north 
from the primeval home over the vast expanse of central Asia, these 
latter repre^tjiig the great Mongol race which to-day comprises, 
with its many blends, the majority of the human kind/ Other cur¬ 
rents from the southern home would pn&f to the east, occupying the 
^hm^ of the chain of sous bordering the Pacific, peopling the eoimte 
Islands that dot the waters, reaching In due course die far north- 
™*i where further progress would t*c arrested by the broad expanse 
of open mm »<-w known ;L s Bering Strait, The differentiations of 
lyptii gradually produced by early isolations would, as populations 
in- rea^d, 1*o Itaanett by constant blending along the border and 
to tlay the priH.^ «f obliteration of rnco distinctions is pro-reding 
in ever-jpcreatdng ratio. 0 & 
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THE AMERICAN RACE. 

In laming our attention to the American lfla 1 , we stmlv their 
fsLt'ial characters tn search of Hues to their origin—their relationship 
with and their derivation from the complex of known peoples of the 
Old W or Id. It is generally conceded that the red race is a new race as 
mm pared with the great races of the Old World. Them have been 
found in America, after prolonged research, no certain traces of occu¬ 
pation extending back beyond a few thousand years; whereas, in the 
Old World there are abundant traces of human occupation whose ago 
must be reckoned not In thousands, but in tens of thousands of years. 
The earliest skeletal remains in the New World are o f men reprint¬ 
ing the perfected stage of physical development, the crania corre¬ 
sponding closely with those of civilized man: whereas, in the Old 
World the earliest finds are of forms hardly differentiated from the 
status of the higher apes. 

It b not assumed that the pioneers of the Old World, who in fol¬ 
lowing the tendency to wander readied the shores of Bering Sea, 
arrived in large numbers—that there was anything that could lie 
called a migration, but that stragglers from Asiatic centers of popu¬ 
lation found their way across the intervening waters to the shores 
of America; and the process, continuing from century to century, 
involved not a single people nor n few* mure or less fully differentiated 
groups, but representatives of many of the brown-skinned peoples 
of the Asiatic shore land and of the islands of the Pacific and 
Indian Oceans. That some such process wua involved is assumed 
from the fact that the American race to-day does uot T as a whole, 
distinctly duplicate any known type of the Oriental groups, its 
homogenous character being due doubtless to a long period of race 
isolation, the diversified dements thus Incoming blended into a new 
and distinctive people. It is probable tlint this condition was 
brought about or greatly accelerated by the eastern progress of the 
northern Asiatics* who for an indefinite period have occupied the 
shores of Bering .Strait and Sea, blocking the way to the more 
southern groups. 

FACIAL CBAECACnt&S AS A KEY TO ORIGIN. 

Although there has been mure or less blending of the Eskimo und 
the Indian along thy line of contact from Alaska to Greenland, the 
two ruffes in their totality stand well apart. The very pronounced 
gulf between them is well shown by comparison of the typical Indian 
of the northern interior (pb 1, fig, l f and pl R % fig. I) with the typical 
Eskimo (pi 1* fig. 2* and pi 2, fig\ 2), the latter type being character¬ 
ised by the broad face and tilted eyes uf the Mongol The Indian, 
whose bold features stamp him as one of the ablest of the races, 
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occupies to-day the entire continent from the Eskimo boundary to 
Patagonia. We find no closely allied types in the adjacent Province* 
of Asia, but there are approx [motions among the dark-eklnnetl [peo¬ 
ples of southern Asia, and probable kinship is suggested by plate A 
figures 1 and 2, the first a typical American Indian of New Mexico 
mid the other a native of the island of Formosa. That the latter 
may be thought of m representing one of the groups which gave 
rise to the American taco is reasonable, and relationships are further 
suggested by plates 4, 5, and 0. Here on the one hand ive have a 
pair of young Apache Indians of Arizona and on the other two 
southern Asiatics* the one from the island of Sumatra and the other 
from the Philippines. That the facial evidence does not point to an 
exclusive bland origin is suggested by a comparison of the face of 
the Navajo woman (pL 7 t fig. 1) with that uf the Mongolian man 
shown in plate 7* figure 2. It is to be expected that with the incom- 
mg currents of Asiatic peoples there would be a considerable Mongol 
element* and this, though submerged* would tend to reappear. It 
should be noted, however, that Eskimo mlluence may have, in cases, 
extended as far south as the Navajo country. 

The contrasting facial characters of the American Indian with 
the typical Asiatic Mongol is suggested by plate 8* figures 1 and 2 T 
the first an Indian woman of the Great Fla ins and the second a 
Kalmuck of central Asia; and this contrast is still further ernpha- 
sized by comparing the bold profile of a Cheyenne Indian (pi. 0, 
fig. 1) with that of a typical Mongolian (pL 0* fig. 2). 

In South America there appears no definite trace of the Mongol* 
the facial type being characteristically Indian. Plate 10* figure 1* 
and plate 11. figure 1. show typical Indian fares of to-day. ami cor- 
responding closely arc certain skillfully modeled faces employed in 
embellishing earthen water bottles by the ancient Peruvians (pL 10* 
fig. 2* and pi. 14. fig. 2). These striking phyriogTLomiesj differ some¬ 
what in form and ex predion from the incisive faces? of the northern 
India ns, but show no definite traces of exotic admixture. 

EXCEPTIONAL AMERICAN TYPES, 

Notwithstanding the homogeneity in type of the Indian tribes 
from (.lie i%ski mo boundary on the north to Puttijiutiii on tLic south, 
there are in the sculptured anti nodded faces of ancient Mexico and 
*Vntml America suggestions of facial conformation so distinctive 
mill tin usual that they have become the subject of much speculation 
the problems involved beinjj among the most interesting u Jat have 
nrUcn regarding the history of man and culture in America The 
problem to t*e eolvwl U whether nr not these exceptional features 
Wliicij upl*ur in Toltec and Maya art are duo to the intrusion of 
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Asiatic elements in comparatively recent centuries, The accom¬ 
panying illustrations will sufficiently present t!a l- supposed evidence 
of foreign intrudoiL Plate L figure l t and plate il ? figure L illus¬ 
trate physiognomies of normal Indian type. These are to lie com¬ 
pared with plate 12. figure L which reproduces at* ancient earthen- 
ware face of a tyjH s found in the State of Vera Craz arid believed 
to be of Aztec or Toiler origin. They were probably employed in 
the ernboUkhment of earthen vessels or ns architectural details The 
well-modeled, smiting faces are broad and Hat, with weak chins, 
and high cheek bones and distinctly narrow tilted eyes. Still more 
unusual are the faces shown in plate 12, figure 2, and plate 13, figure 
1, sculptured heads of a type quite common as architectural embel- 
fishmenta in the ancient temples of Guatemala* In general contour 
the fare contrasts strongly with that of the average Indian, the 
features lacking all the boldness and virility of the tribes of to-day. 
At the same time there is in the smooth, roundish, placid face, the 
small mouth, and in the tilted eyes a decided suggestion of the 
featured of the Orient, and especially of the placid countenance so 
characteristic of sculptured images of Buddha (pi. 13, fig. 2). The 
suggestion of Asiatic Influence is strengthened by a study of other 
ancient sculptural and architectural remains found in great plenty 
in Mexico and the Central American States. An example is shown 
in pla te 14. 

Numerous authors have found in these and other features of Maya 
sculpture convincing proof of the early introduction of Asiatic influ¬ 
ence in Mexico and Central America, while other writers, with equal 
confidence, express the view that the features in question are without 
particular significance, being nothing more than normal variants of 
native types* The Maya peoples were exceedingly versatile and in 
their treatment of the human physiognomy were much given to the 
grotesque and humoroua. Thk tendency was emphasized by the prac¬ 
tice of introducing Images of grotesque animistic deities into every 
phase of ibelr sculptural and plastic art. Tho calm, well-modeled 
Buddha like faces appear out of keeping with their vigorously mod¬ 
eled neighbors, and, if not portraits of individuals, they would seem 
at least to represent a well-marked and familiar facial type, whether 
native or otherwise. Mention may be made of other suggestive fea¬ 
tures of Maya culture which tend to support the theory of foreign 
influence. To one at all conversant with the architecture of the East 
Indies these Central American milts have a familiar look not readily 
explained save on the theory of relationship in origin. This impres¬ 
sion Is not readily overcome, and it is further observed that the sug¬ 
gestion Joes not end with general effects, for the architectural de¬ 
tails and especially the sculptural embellishments and Lhe manner 
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of their application to the building? confirm the impression. In the 
pose of figures the parallelism is truly remarkable, and that this 
parallelism could arise m two -enters of culture («ntl two only) 
among totally isolated peoples occupying opposite sided of the globu 
ch lllo pgy belief- It is further observe.! that in these ambitious 
structures there are suggestions of underlying crudeness as if the 
of im advanced culture had been abruptly imposed upon the 
mdf of a comparatively primitive people. 

It is objected that in Maya art there are found no sculptured ani¬ 
mal forms absolutely identical with thus® of the Old World. Tim 
elephant, for example, so important a (sculptural subject m India, 
Joes not appear in these ruins, although there arc snout-like features 
that suggest the trunk, On this point it should be noted that even 
if visits of Buddhistic priests are allowed, full identity in the sculp¬ 
tured forms of animals could hardly be expected, since the priests, 
devoted to the preacldng of their doctrine, would hardly lie archi¬ 
tects, sculptors, or draftsmen, and the concepts introduced by them 
bv word of mouth would from necessity be worked out by native 
sculptors, using life forum with which they were familiar or rnon- 

stere drawn from their Pantheon of ddtics. 

With respect to the manner in which elements of Asiatic culture 
could reach middle America in the early Christian centuries the 
period of Buddhistic propagandism—it may be said that the sea¬ 
going capacity of the ships of that period was very considerable, and 
d is thus not impossible that by design or by accident Buddhistic 
devotees should have landed on the shores of America, ^either is 
it impossible that these devotees of a creed, determined to carry their 
doctrines to the ends of the earth, should have coasted eastern 
Asia, reaching the continent of Worth America by way of the Aleu¬ 
tian Islands. The journey from Alaska to middle America would 
be a long one, but not beyond the range of possible achievement for 
the fanatical devotees of Buddhism. The suggestion that the hypo¬ 
thetical sunken continent of the Pacific may havo served as a bridge 
is deserving of but slight attention. 

The writer of this sketch of a fascinating subject wishes to say m 
conclusion that he appreciates its shortcomings, for it is intended to 
Ijo suggestive merely rather than final; but he finds gratification in 
the thought engendered by the study that whereas but a few genera- 
t iuus ago our world outlook was exceedingly limited and our positive 
knowledge but a hint of the whole truth, the time is fust approaching 
as a result of the ever-widening scope of scientific research when we 
shall comprehend at a glance the world and its inhabitants, present 
and past, with the case with which we now « -on I cm plate our local 
environment or with which we view a story thrown upon the screen. 
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Plate L 



L An Amehican Indian Man. Compare with 
FTDLFfiE 2. 



2. An ESkihO Man OF Alaska. 
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Plate 2, 




2r As Eskimo Woman of Alaska. 
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I* A Navajo India** Woman, 



&An Asiatic Mongol 
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Plate B. 



I. A Cheyenne Indian Woman, Compare with 
Figure 2. 



2, A Kalmuck Woman. 
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Plate 9, 



3. AW AWE RICAN \ NDFAN PROFILE, FOR COMPARI¬ 
SON WITH FIGURE 2, 



2, An Asiatic Mongol Profile. 
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Plate 



|. a Typical American Indian* f&r Comparison 
WITH TiaUftE 1 



2. A Pr£HI5TOH1C PERUVIAN INDIAN, MODELED IK 
Clat. 
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Plate IS, 



1. A Prehistoric Aztec Face A/IoqElEd in 
Clat f For Comparison with Tvpi&al [k« 
DlAN FACES, 
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(r»D!AN9 Of Guatemala. 
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Anc mnr Maya Indians, Guatemala. Fon Buddha. 
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Plate |4, 



STUCCO masterpiece, temple of the Beau relief, Palenciue. Yucatan, 
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Plate L 



Present hqwe of American School in Jerusalem, 



2. AMERICAN ScmXJL OF ORIENTAL f*ESEA«CH, JERUSALEM FEBRUARY I I . 
IB20, 2» TO 38 I WHO OF SkOw ON THE LEVEL, 



























THE OPPORTUNITY FOR AMERICA# ARCHBOLOGlCil 
RESEARCH IN PALESTINE. 


By Ja sics A, Moctoomckt.. 
o/ /-VTnurylrflHj'jj it« rf rorfteFtfcfjrftfo fUri'nity GrAaot. 


tWlib 3 pJalL^J 

Oflp of the most distinguished of American archeologists. Prof* 
Ja*nes EL Breasted, of the Univerify of Chicago, has spoken of 
“ the bridge of undent emlUatbn ” that stretches like a great ore 
of a circle from the ianth of Mesopotamia on the east to ancient 
Egypt on the southwest This great arc follows the northerly 
course of the Euphrates Valley and bends around into the count ry 
wo call Syria, which 1 warders on the eastern shores of the Mediter¬ 
ranean and has the vast deserts of Arabia as its hinterland. At the 
two ends of this great curve lie the lands of the world’s most ancient 
civilisations, Egypt ami Babylonia. Archeologists dispute which 
of these in the older, but similarities and identities of culture show 
that there must have been active exchange of ideas and commodities 
between the two lands from earliest times, and we can confidently 
trace this intercommunication to 8000 B. C- and earlier* if Syria 
does not rank as one of the lands of original civilisation, at least it 
was the exchange and meeting ground of the cultures of Babylonia 
and Egypt* 

Also, politically and strategically Syria was always necessary to 
the ambitions of those great Empires. Egypt needed iibuffer 
possession in Syria to protect its eagerly preserved isolation beyond 
the Isthmus of Suez, This strategical idea is continued to this day 
in the British claim to the proprietorship of Palestine, And 
from the other end the old Babylonian Empire, and later the 
Assyrian Empire, pushed forth by the logic of geography into the 
upper Euphrates Valley and then into the contiguous lands of 
Syria. In the mountains of Asia Minor on the north lurked fierce 
and barbarous peoples ready to descend on these young lands of 
civilization, and in Arabia roamed the nomads, ever preying on the 
settlements of peaceful life. We must remember that apart from 
the mere military ln?rt of conquest those ancient civilizations insensi¬ 
bly extended their borders and threw their control over the bor¬ 
dering lands that were adaptable to civilization for the purpose of 
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protecting that civilization, This is the positive and beneficial 
iirf^iment that is still ndviincpil by nations of higher failure in their 
attempt to control more barbarous areas, and this is an inherent 
trend of civilization that can not Ire too cavalierly dismissed as sheer 
self-seeking. 

And Syria is a worthy prize of conquest and control. It is 
naturally si very rich land* It does not passes the unbounded ngri- 
cultural wealth of Babylonia and Egypt, whoso groat rivers keep 
moist an«l fertile their vast plains. Syria is si country of hills and 
valleys, with alternating seasons of rain and drought. Its vegeta¬ 
tion responds to these meteorological conditions. It was in an¬ 
tiquity a land of great forests, famous over the world particularly 
for its cedars, which supplied the timber of the palaces and temples 
of Egypt anil Babylonia, even ns Ihc Bible tells us that Solomon 
brought thence the wood for hia palatial buildings. It is a land of 
natural richness, the natural home of the vine, olive, and all kinds 
of fruit, while its soil is especially adapted to the raising of grain* 
Indeed it is the homo, or one of the homes, of the parent stock of our 
wheat. The present denuded and miserable aspect of Palestine is 
due to the decay produced by the centuries-long misrule of (lie Turk. 
In its heyday, under the Homan Empire, Palestine must have resem¬ 
bled Italy, with its rich and fruitful vegetation. An honest govern¬ 
ment and a sensible economical direction will again make Syria not 
only self-supporting but a producer for the world. 

There is one geographical aspect of Palestine which distinguishes 
it from Egypt ami Babylonia. This is its great sea front along the 
Mediterranean. Babylonia always has been and always will be 
distinctly Asiatic. Actually to-day the British conquest of that 
land is administered from India. Egypt likewise is African. True, 
it came into the orbit of western civilization, partly through its own 
expansion, partly through conquest by western powers, from Alex¬ 
ander and on, but its civilization has always remained unique and 
detached from the rest of the world. The delta lands which gave 
the approach to the sea were not developed till a bite date, a ml they 
were always carefully guarded against the incursions of barbarous 
I ample.' from across the sea. But the front of Syria is exposed to the 
west, and so has always taken its part in the civilization of the Medi¬ 
terranean world, which is the parent nf our western civilization! 
The early Minoan civilization of the eastern Mediterranean which 
we now know to he as ancient almost os that of Egypt and BnWWi,. 
greatly affected Syria. The Philistines, the doughty 
Hebrews about 1000 B. C., were probably forerunners of the Hel 
lenic races* and settled as pirates on the coast of Palatine [Vom 
about the same time is to be reckoned the first great Semitic push 
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westward in the trading vt-i els and stations 0 f the Phamidan 
cities, which established their factories and colonic? in n Mn "e about 
the great flea, even beyond the Strait of Gibraltar, ns far as Britain 
and the west coast of Africa. With the rise of their maritime com- 
merce dominion the Greeks had these Syrian peoples to contend 
witli, and later Rome fought n battle to the death with Carthage, 
the greatest of the Phoenician colonics. It must not lx- forgotten 
that Syria remained part of the western empire of Home until the 
rise of Islam iu the seven* century. And subsequently this con- 
trol renewed for two centuries in the Crusades. when Syria 
Clime again under western and Christian control and whs divided 
into a number of Fmnldsh kingdoms, patterned after the feudal 
administration of Europe. Although Islam regained its own again, 
neverthaless the presence of a large Christian population in Syria— 
six- sevenths of the people of Lebanon are Christ inns— lias always 
kept the ties close knit with Europe, and the present French claims 
to the possession of central Syria are based on these ancient rela¬ 
tions going back to the Crusades and the memories of the Homan 
Empire. 

Syria, accordingly, has always teen in dose touch with the western 
world, far more, for instance, than Asia Minor, which projects 
farther into the European sphere, IVc Americans, with our idea that 
“Westward the course of empire takes its way,* hardly realise 
the ancient bonds uniting the whole Mediterranean world, the west* 
bound Asiatic forces propelled from the Syrian coast and the east- 
bound forces of Europe claiming at least the western fringe of Ash 
as their own. Hut there is the further element of relationship which 
binds that Syrian land with the west. It k based on something 
stronger and deeper than commerce and politics and the lust of con¬ 
quest. It is a sentiment, yet the most vital of human sentiments, 
namely, religion. Syria, or more exactly its southern section Pales¬ 
tine, is the home of the Bible and the Bible religions. The religion 
of Europe and America is Christian, and their lands trace their 
spiritual lineage back to Palestine. And likewise the religion of the 
Jews, that small but potential people, which ho* nested, despite 
vicissitudes of time and persecution, in the midst of Christendom, 
looks back with still older bonds to the same land, and with senti¬ 
ments of race and affection tlmt exceed those of the Christian. For 
the whole of the western world the little land of Palestine must share 
in the interest which the intelligent mind has for Greece and Rome, 
for from these three centers sprang the roots of our modern 
civilization. 

The Bible is the book of that land. Its pages have been open to 
us for £<000 years. It has lieen read, and studied and interpreted to 
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ion. one might thinly and vet it ever remains u fresh spring 
of knowledge tint! inspiration. This hook will over reran m our chic? 
5qi,rCT of information on Palestine’s contribution to the spiritual 
good of tiie world. But the modern mind is no longer satisfied with 
merely the litemture of a past age or civilization. It desires the 
ocular evidences «f that pint; it wishes to know how the people lived, 
what was their economy, their commerce, their architecture, tlieir 

sanctuaries, t ^eir politics. We understand much when we read, wo 
understand more when we see. Even in the raw of a spiritual prod¬ 
uct like the Bible, which was not dependent upon and related to a 
mighty civilization, as in the case of Greece and Pome, we desire to 
know die material circumstances of that religious life ami to learn 
^hut we may about its origins and conditions. This natural trend of 
the human mind, which is as old as Herodotus, has developed and 
made a science of the quest of archeology. 

To-day the classical student does not* fed he is equipped for hb 
work unless he has visited the lands of Greece and Home and spent a 
year or more visiting their remains and studying in their very atmos¬ 
phere among the memorials of the mighty past, H e will push his 
roearrhs into the outlying lands of the classical world, into Asia 
Minor and Africa or northern Europe. And equally so for the 
civilizat ions of India and Chinn, the student explores those lamia for 
the vestiges of early times. In America has sprung up * native arch- 
■ftP in the .of the remains of the ancient civilizations 

of the imminent, of he Mayas, Astws, Incas, and the cliff dwellers 

hIrLft°o “7 fftSdXlfl , tillB f'>r these peoples 

7* left no written records or at least none decipherable. In all 
these fields we have the lure of the history of man, of tilc , t of 
begin uj tigs os humanity. But of particular, almost practical i m 7 
*"* must 1* the arehwlogicul study of the ancient civLatb,^ 
which have-directly affected and molded one own, those which ffS 
the bails of our modern civilization. mu lie at 

In the ease of the archeological investigation of Syria and PaW™ 
there are fascinating problems More u< w,> „ ’ i- U 1111,231100 
documents coeval with the originals of our Bible T***u 

throw immense light upon the many disputed CT it\ >j U?" ™ UlJ 
the age and authenticity of those writing If t ''1 . nii ^ st|oni oS 

■—<- , f r * rc "- 
of stone and clay inscriptions wld<-ti M hi the discovery 

reference the history contained in the Bin* 1 i , IIEUl ^ stc ^. T written 

ways add to our knowledge of the Bn I C ' 'Ascriptions id- 

times by direct referenre o i o ‘ h ; indirectly, some- 

|7“7; In “■ r **»ttay five ns n,lnltl?A°iL°. Vla ^ t tt » **• 
l,fe cl thnt uc** lim ,, Wp M t0 ^ |h< [ pul«mg 
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of life la which that and out people moved. The solid remains of 
architecture are to lx* laid bare. These will teach us the engineering 
uud artistic abilities of tlm people, which we could not realize from 
written books. What appears to bo a more minute line of investiga¬ 
tion lies in the crumbled remains of domestic economy, the fragments 
of pottery and utensils: and yet these potsherds have revealed more 
to us than almost any other source, From the broken bits we can 
build up a picture of the whole object, we can learn how far advanced 
the people wen? in material Ingenuity and artistic achievement. Also 
these alight objects enable us to trace the relations of civilization and 
to date the epochs of the strata according to the known chronologies of 
the. letter known histories of other lands, iinch of such work is 
minutely scientific anti painstaking and can not well be followed by 
the lay mind, but it is withal of indispensable value. 

Then there are the remains of the ancient religious life, which, for 
Palestine* the home of our western religion, are obviously tbo most 
interesting subject of research. Ancient life was predominantly re 
liginiis; it put forth its most enduring expression in the symbols of 
religion. In Egypt and Babylonia it is almost exclusively the 
temples and tombs that have yielded our greatest prizes, for apart 
from some royal palaces those buildings were the most enduring!? 
built. And so everywhere in Palestine* wherever there was a human 
settlement, we find the remains of a sanctuary* These, to lie sure, in 
that land werc not ponderous temples, but rather very simple open- 
air structure#, hut as they were built of stone enough remains to pic¬ 
ture the actual rites that were celebrated in the sanctuary and to make 
our inferences as to the ultimate religious beliefs. Also, as tin? con¬ 
cern for the dead was an integral part of the religion, the rock-hewn 
tombs and burial shafts arc a prime source of knowledge for the 
archeologist, and in some cases* os with the magnificent so-called 
sarcophagus of Alexander, found at Sidon, they yield us remarkable 
finds in the way of art. In general* they throw light upon that most 
delicate form of bum an faith, the beliefs concerning the dewl* 

Peculiarly in Palestine, the archeological remains arc of value not 
so much in typifying the religion of the land which we associate 
with the Bible as in illustrating the environment out of which that 
religion grew and which was its foil and antagonist, Tlie spiritual 
thought of the prophets and the psalmists* of Jesus Christ and His 
Apostles, never found, perhaps could not find, an expression in solid 
creations. In any cose the Hebrews were not an architectural or 
artistic [X?ople and created no art of their own. Also the first Chris¬ 
tian age built and left no memorials in stone, although for the later 
Christian history, from Constantine on, Syria is a land rich in me¬ 
morials of the earliest Christian architecture, vying in this respect 
21-29 
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with Rome and other Christ hi n centers. But the land of the Old 
Testament and the New Testament left no contemporaneous symlfols 
of its faith in architectural symbol which would stand for that faith 
** does Gothic art for medieval Europe, Rather* the remains in 
Palestine represent the primitive religion which the prophets fought, 
^nd for the New Testament we have the splendid temples of the 
Graeco-Roman religion, such as those at Bualbecand Palmyra* which 
reveal the actual conditions of the pagan world in which Christianity 
wiifi born. Rut only the more keenly sloes archeology enable us to 
realize the triumphs which the religion of the Bible achieved in over¬ 
coming its pagan and often debased environment. The religion of 
the Old Testament and then that of the New won out in conflict wills 
tlic snighty civilizations which instituted their environment and 
whose massive ruins remain as types and proofs of their greatness. 

Rut apart from these various phases of archeological interest, the 
pursuit of archeology in Syr in, hr in any other ancient land, is chiefly 
of value for I he world sir large in enabling ns to picture those ancient 
times. Because we think of the Bible as the Won I of (rod we easily 
detach it from its original location in the world* and m a result we 
Juab* it too unworldly. Even Palestine becomes for the Iwliera- ft 
land that is not on this world's map* quite as unroof and mysterious 
as were Atlantis and Cathay, those lands of fable, to our forefathers. 
Archeology brings the home of the Bible nearer to us* makes it real 
and understandable, and so becomes an interpreter of the Bible, Just 
as archeology has been to uh the greatest stimulus in the interpreta¬ 
tion of Greek and Roman literature, so the same study should he of 
equal value for the home of the Bible, 

Palestinian archeology has by no means been ignored a f a great deaf 
has already been accomplished in exploration and excavation* But it 
can not be said that Palestine lias claimed anything like the atten¬ 
tion paid to Babylonia and Egypt- America itself has contributed 
mos t important results in developing the archeology of those lands* 
Rut although their primary interest was largely duo to the fact that 
they belonged to the biblical world, that Abraham came from the 
one on?l Moses from the other, the interest in Palestine as a land of 
research has never received its due. 

America took the lead in Palestinian enterprise in Edward Rob- 
inaon* of Union Seminary. New York City, who* in Ins two visits to 
Palestine in IS3S and 1852, is acknowledged to have established bibli* 
cal geography on a scientific basis. Since then the countries of Eu- 
f opc have taken the lead. England has led* in the establishment of 
its Palestine Exploration Fund* the first society of the kind, in the 
tapping out of l lie country, and in pursuing the most complete und 
^ost numerous excavations. The Germans have been next in their 
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cxcavat ions find their innumerable monographs on every learned de¬ 
tail The French ha to contributed very murk especially in the «x- 
plurnHons of the binds on the fringe nf Palatine The Austrians 
fan to taken a part. In addition to the work of the British Explora¬ 
tion Fund the French have n most admirable Bible school at the 
Pomininin convent in Jerusalem, and the Evangelical German 
Church has also its excellent school Each of these institutions pub¬ 
lishes its journals mid researches, while another German society bus 
ii journal devoted to the Holy Land, Against this record for Europe 
America has not much to show except in the enterprise of individual 
scholars* It gave Robinson to the cause, and one of the most dis¬ 
tinguished of the excavators for the British is an American, Dr. 
Frederick L Bliss. The one great excavation work ^ccompliriied by 
American enterprise is that done at the ancient site of the ancient 
capita! Samaria, undertaken by a Harvard expedition and ffcmnml 
by Mr, Jacob H. SchifF, of New York, in 100$—1010. These exenra¬ 
tions have not yet l>een published, and so the general knowledge of 
the results has not lieen given to the world. One oilier very illus¬ 
trious task has* been accomplished by American scholarship^ under¬ 
taken largely by Princeton scholars, the American Expedition to 
Syria in IRflS-lPOO, and the Princeton A rvhenlogirnl Expeditions of 
1P04 and following. These explored the ruins in northern Syria and 
in the country east of the Jordan, end have found rich spoil in the 
remains of the Graeco-Roman civilization and of early Christianity. 

As so little persistent and solid interest has been taken by ns in 
America in Palestinian archeology, although we are far better ac¬ 
quainted with what has been done In Egypt and Babylonia, it may 
be well to give it resume of what has been accomplished in that land 1 
In the first place, a great deal has been done and a greitt deal re¬ 
mains to be done in the way of surface exploration. Much remains 
on the top of the soil which is worthy of study; and especially in the 
outlying land* to the south and east of Palestine* bordering on the 
desert, there are innumerable sites which repay the study of fhe 
archeologist* Just before the war the Egyptian Exploration Fund 
made some most valuable researches in the Desert of Kin — that is, 
the land to the south of Judah. These revealed the extent to which 
the Graeco-Rom a n civilization had pushed itself far out into what 
are naturally desert lands. Ami the land In the cast of the /Iordan 
is full of ancient riles once important, even great cities, the renters 
of the trade mutes which struck across the desert into Syria. The 
famous city of Palmyra, in the desert cast of the center of Syria, is 
typical of this civilization: but there arc many other cities, like 

1 a very n*rfui jfrfew of afrfHvtatScAl wifllU En hl^itne U to fre found la O. A, 
Eqrtffl'H AM&Jir&fogj apd Xk* Bible i I'tLllmldphta ). pt 1* 




440 ANNUM. lU’FORT SMITHSONIAN INSTITUTION. Mis. 

Rostra and .Terash, Rcroas the Jordan, which (ell the sawn Mary. 
And these lands have yielded a great wealth of inscriptions, G reek 
and Latin, and also Semitic, Nabataean, Palmyrene, end early Arabic. 

In the line of actual excavation n goodly number of sites has al¬ 
ready been broached in Palestine itself. The most extensive of these 
excavations is that of die Lritish at Gezer, an ancient site on the 
border between Judah and Philistia. In the same region Luchish lias 
been partly excavated, and some work done at such ]Joints as the bib- 
lical Gath and lieth-Sliemesh. The very ancient city of Jericho has 
been in large part excavated by a German expedition. In the north, 
■m the border of the Plain of Jezrecl, or Esdradoti, the Austrians 
and Germans have accomplished good results at the biblical Megiddo 
and Ttituch. The Oer mana were also beginning to excavate the 
ancient Sheehan just before the war. The American excavations 
at Samaria have already been named. Thus a good deal has been 
accomplished, but the archeologist can regard these results only as 
first fruits, which stimulate his relish for more, Palestine is covered 
with the mounds of ancient cities, many of them identifiable as im¬ 
portant in biblical history, which only await the spade to bring in 
u vast enlargement and rectification of biblical and oriental history. 

The present would seem to be particularly the opportunity for 
American interest in biblical and oriental archeology to step in and 
preempt this rich field. Europe appears to bo exhausted as a result 
of the Great War, but it is not out of the spirit of taking advantage 
Of our neighbors’ plight that we should take up this cause. Rather, 
it « because we should realize that the duty which has been mostly 
shouldered by the Europeans should l» accepted by us as our duty. 
For since, in any case, we share in the benefits of the work, wo should 
take our part in doing it. 

There is an American institution which is prepared to act in this 
field if properly supported by American enterprise. This is the 
American School «f Oriental Research in Jerusalem. It was estab¬ 
lished 20 years ago. and has had an honorable and useful history in 
its life so far. It has served primarily as a school for American 
scholars and students, giving them an opportunity for studying Pal¬ 
estine on the spot and under scientific direction. Each year"some 
American scholar has gone out as director, accompanied by a email 
hand of younger students, and by their experience and studies they 
have greatly vivified biblical and oriental learning at home The 
school has not possessed the funds for intensive exploration still 
less for the very expensive job of excavation, so it has not been able 
to make appeal through any spectacular msullu. But it is counting- 
especially now, upon a much larger support from America so that 
it can be the center and exchange for American archeological enter- 
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prise in Palestine ami Syria. From its experience it can promise 
ricli results to any patrons of archeological results in that land- 

Immediately after the wur the udminirtratiem of the school look 
steps to open it again. Prof. William H, Worrell, of tlic Hartford 
Seminary’ Foundation, was sent out ns director last summer. He 
was accompanied by Prof, Albert T. Clay, of 1 alo University'. These 
gentlemen were later joined by Prof. John P» Peters, of the l. Di¬ 
versity of the South, and Dr. William F. Albright, of .Johns Hopkins 
University. The unsettled conditions of the country since the war 
have prevented these gentlemen from doing any aggressive work, but 
their observations and studies have been of great use, and it should 
bo a satisfaction to nil to know that this American school is open and 
in operation. For the year 1S20-21 Dr. Albright remains as Director 
and with him are associated the Fellow (Dr, C. C. Met own, of the 
Pacific School of Religion) and other students. 

The school is now housed in h pleasant rented building just outside 
of the city. It owns its own lot to the north of the city, and on this, 
as soon as the title deeds under the new government can be secured, 
it is planning to build the First unit of its buildings, using the sum of 
$SO,CHKJ left hv the late Mrs. James B. Xies, of Brooklyn, for this 
purpose. The school is under the patronage of the Archaeological 
Institute of America and the Society of Biblical Literature and 
Exegesis. The former corporation, incorporated under act of Con¬ 
gress, is the trustee for all its properties. Information concerning 
the school will be gladly given to any inquirers by the chairman of 
the executive committee. Prof. J. A. Montgomery, of the University 
of Pennsylvania, Philadelphia, or Prof. G. A, Barton, of Bryn ilawr 
College, Bryn Mawr, Pennsylvania. The other members of the Com¬ 
mittee am President Cyrus Adler, of Dropsie College; Profs. B. W. 
Bacon, Albert T. Clay, and Charles C. Turrey, of Vale University; 
Prof. Morris .last row, jr., of the University of Pennsylvania; Dr. 
James B. Hies, of Brooklyn, and Prof, James H. Ropes, of Harvard 
University. 
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THE DIFFERENTIATION OF MANKIND INTO RACIAL 

TYPES . 1 


By piar. Affiant IvttTii. SI. 1>-, tX, F. It. S. 


For n brief half hour I sun to try to engage your attention on a 
matter winch has excited the interest of tlunightful minds from 
undent times—the problem of how mankind has been demarcated 
into types so diverse ns the Negro, the Mongol, and the (_ auesaun or 
European. For many a day the Mosaic explanation—the rower of 
Babel theory—was regarded us a sufficient solution of tins difficult 
problem. In these times roost of us have adopted an explanation 
which ilifters in many respects from that put forward in the Book 
of Genesis; Noah disappears from our theory and is replaced m the 
dim distance of time by a “common ancestral stock."* Our story 
now commences nut at the close of an historical Hood but at the 
end of a geological epoch so distant from us that we can not compute 
its date with any degree of accuracy. Sliciu, Haul, and Japheth, 
the reputed ancestors of the three great racial stocks of modern 
times—the white, black, and yellow distinctive types of mankind- 
have disappeared from our speculations; we no longer look out 
on the world and believe that the patterns which stud the variegated 
carpet of humanity were all woven at the siune time ; some of the 
patterns, we believe, ore of ancient date and htwe retained many of 
the features which marked the “common ancestral design; others 
arc of more recent date, having the ancient pattern altered in many 
of its details. We hove called in, as Darwin has taught ns, the whole 
machinery of evolution—struggle for existence, survival of the lit test, 
spontaneous origin of stmctuml Yari*tsbos t the inheritance of such 
variations —sb the loom by which nature fashions her biological 
patterns. We have replaced the creative finger by the evolutionary 
machine, but no one is more conscious of the limitations of that 
machine than the student of human races. We are all familiar with 
the features of that racial human type which clusters round the 
heart of Africa; we recognize the Negro at u glance by ms black, 
shining- hairless skin, his crisp hair, his flattened nose, his widely 
opened dark eyes, his heavily molded lips, Ids gleaming tee th and 
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Klrong jnws. He has a earring and proportinn of body of his own; 
bo hui his peculiar nudity of voles and action of brain , Ho is, even 
io tho uhpraeticed eye, Hourly tljircrcr.it from the Mongolian native gf 
northeastern Asia: the skin, thw luiir* 13 j w- eyes, the quality of brain and 
\oice, the carriage of body and proportion of limb to body serve to 
pick nut the Mongol as a sharply differentiated human typc + Differ- 
ent from either of these is the native of cent ml Europe— the Aryan or 
Caueasiau type of man; we know him by the patent of hie skin 
and by his ferial features—particularly his narrow* prominent nose 
and thin lips. Me are so accustomed to the prominence of the Cau¬ 
casian nose that only a Mongol or Negro can appreciate its singu¬ 
larity in our Aryaniscad world, When we ask how these three 
types- Lhe .Luroponn, Chinaman* and Negro—came by tlieir dis- 
tinctive features, we find that our evolutionary machine ts ilefcctive; 
Ulo processes of natural and of sexual selection will preserve and 
exaggerate trulls of botly and of mind, but they can not produce 
that complex of features which marks off ®m racial type from an¬ 
other. Nature has at her command some secret mechanism by which 
she works out her new patterns m the bodies of man and boost—a 
of which we were almost ignorant in Darwin’s day, but 
winch we are now beginning to perceive and dimly understand. It 
is the bearing of this creative or morphogenetic mechanism on the 
evolution of the modem races of mankind which X prepose to make 
the subject of my address. 


T d a T*y in I'Mte of the human frame is a aeries of more 

«vr less obscure bodies or glands, five in number, which. in recant 
times, m hm come to recognize as parts of the machinery which 
regulate the growth of the body. They form m(!relv ;1 f raction of 
the body—not more than one one -hum] red-a ml-eightieth part of if 
a man might pack the entire series in his watch pocket. The modern 
medico! student is familiar with each one of tbem-the pituitary 
body, aliout tho of a ripe cherry, attached to the has* of the 
bn,m ami eddied m the floor of the skull; the pineal gland, *1*> 
sit I, u to I in the brem, and m point of sU* but little larger than a 
wheat gram; the thyroid in the neck, set astride the whSa form 
a more bulky mass; the two suprarenal bodies situated in {he iX 
rappmg the kidneys and the interstitial glands embedded within 
the substance of the testmk and ovary, complete the list. The mod- 
em physician is ak» famdmr with the fact that the growth of the 

n> ari Cl ’ <* completely altered j, one o 

more of three glands become the «at of injury or of a functional 
disorder. It is 33 yean now since first one woman and then 
nunc to Dr. Pierre Maris in Pali* seeking relief from * ?^ r 

headache and mentioning incidentally that their faces hodieaT^b 
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and fttt had nllcred so much in rcftnt ycsfs thnt their bsst known 
friends failed to recognize them. That incident marked the com¬ 
mencement of our knowledge of the pituitary gland as an intrinsic 
part of the machinery which regulates the shaping of our bodies and 
features. Dr. Marie named the condition “ acromegaly.” Since then 
hundreds of men and women showing symptoms similar to those of 
Dr. Marie's patients have l«en seen and diagnosed, and in every in¬ 
stance where the acromegalic changes were typical and marked there 
lrus been found n definite enlargement or tumor of the pituitary IxkIv. 
The practiced eye recognizes the full-blown condition of acromegaly 
at a glance, so characteristic arc the features of the sufferers. Nay, 
as we walk along the streets we can note alight degrees of ite-de- 
grees which fall far short of tlie border line of disease; we note that 
it may give characteristic traits to a whole family—a family marked 
hv wlmt may be named an acromegalic taint. The pituitary gland 
is also concerned in another disturbance of growth—giantism. In 
every case where a young lad has shot up during his late teens into 
a lanky man of 7 feet or more—lias I Jerome a giant—it has been 
found that his pituitary gland was the site of a disordered enlarge¬ 
ment. The pituitary is a part of the mechanism which regulates our 
stature, and stature is a racial characteristic. The giant is usually 
acromegalic as well as tall, but the two conditions need not be com¬ 
bined; a young lad may undergo the bodily changes which character¬ 
ize acromegaly and yet not become abnormally tall, or he may be¬ 
come—although this is rarely the case—a giant in stature and yet 
may not assume acromegalic features. There is a third condition of 
disordered growth in which the pituitary is concerned—one in which 
the length of the limbs is disproportionately increased—in which the 
sexual system and all the secondary sexual characters of body and 
mind either fait to develop or disappear—where fat tends to bo de¬ 
posited on the body, particularly over the buttocks and thighs— 
where, in brief, a eunuchoid condition of body develops. In all these 
three conditions wc seem to be dealing wills « disordered anil exag¬ 
gerated action of the pituitary gland; there must be conditions of 
an opposite kind where the functions of the pituitary are disordered 
and reduced. A number of cases of dwarfism have been recorded 
where boys or girls retained their boyhood or girlhood throughout 
life, apparently because their pituitary gland had been invaded iuuI 
partly destroyed by tumors. We shall see that dwarfism may result 
also from a failure of the thyroid gland. On the evidence at our 
disposal, evidence which is being rapidly augmented, we are justified 
in regarding the pituitary gland as one of the principal pinions in 
the machinery which regulates the growth of the human body and 
is directly concerned in determining stature, cast of features, texture 
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of skill, and chameter of hair—all of them marks of race. When 
we compare the three chief racial types of immunity—the Negro, the 
Mongol, arid the Caucasian or European—we can recognize in the 
last named a {neater predominance of the pituitary than in the other 
two. The sharp and pronounced nasalisation of the face, the tend¬ 
ency to strong eyebrow ridges, the prominent chin, the tendency to 
bulk of body and height of stature in the majority of Europeans, 
is best explained, so fur as the present state of our knowledge goes, 
in terms of pituitary function. 

There h no question that our interest iti the mechanism of growth 
has been quickened in re<-ent years by observations and discoveries 
made by physicians on men ami women who suffered from pituitary 
disorders, buL that a small part of the body could influence and regu¬ 
late the growth and characterization of the whole was known in 
ancient times. Tor many centuries it has burn common knowledge 
that the removal of the genital glmuis alters the external form and 
internal nature of man and beast. The sooner the operation is per¬ 
formed after birth, the more certain arc its effects. Were a natu¬ 
ralist from a unisexual world to visit this earth of ours it would be 
difficult to convince him that a brother and a sister were of the same 
species, or that the wrinkled, sallow-visa god eunuch with his beard- 
less face, hi* long, tapering limbs, his hesitating carriage, his carping 
outlook, and corpulent body was brother to the thick-set, robust, 
pugilistic man with the boarded face. The discovery that the testicle 
and ovary contain, .scattered throughout their substance, a small 
glandular element which has nothing to do with their main func¬ 
tion—the production of genital celts—was made "0 years ago, but 

the evidence which leads us to believe that this scattered element_ 

the interstitial gland—is direct!y concerned in (he mechanism of 
growth of quite recent date. All those changes which we may ob¬ 
serve in I he girl or boy ut puberty—the phase of growth which bring* 
into full prominence their racial churn deristics—depend on the ac¬ 
tion of (lie interstitial glands. If they arc removed or remain in 
abeyance the maturation of the body is both prolonged ami altered. 
In seeking for the mechanism which shin*® mankind into race* wu 
must take the interstitial gland into our reckoning. I am of opinion 
that the sexual differentiation—the robust manifestations of the male 
rliamctefif—is more emphatic in the Caucasian than in either the 
Mongol or Negro rncifll types. la both Mongol and Negro, in their 
most representative form, we find n beardless face and almost hairless 
l*>dy, and in certain Negro types, especially in Nilotic tribes, with 
their long, storklike legs, we seem to have a manifestation of 'abey- 
ance in the action of the interstitial glands. At tiro dose of sexual 
life we often sec the features of a woman assume a coarser and mnru 
nmM'ulinn ■ppefltaJWfc* 
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Associated with the interstitial glands, at least in point of develop* 
incut, are the suprarenal bodies or glands, tlur knowledge LhuL these 
two comparatively small structures, no larger than the segments into 
which a moderately sized orange can be separated, lire otumectod with 
pigmental iou of the skin dates hack to 1854. when Dr. Thomas Addi¬ 
son. a physician to Guy’s Hospital, London, observed that gradual 
destruction of there bodies by disease led to a darkening or pigmenta¬ 
tion of the patient’s skin, besides giving rise to other more severe 
changes and symptoms. Sow, it is 15fJ years since John H miter r*me 
to tlie concliifjion^ un thv evidence than at hi* disposal, tluit the t«ng- 
iiml color of man's skin was black, and all die knowledge that we 
have gathered since his time supports the inference he drew, b tom 
the fact llmt pigment begins to collect in and thus darken the skin 
when the supra renal bodies become the scat of a destructive disease 
we infer that they have to do with the clearing away of pigment and 
that we Europeans owe the fairness of onr skins to sonic par lieu nr 
virtue resident in the suprarenal bodies. That their function is com¬ 
plex and multiple the researches of Sir E. A. Sharpcy .Nfhafer, of 
T. R. Elliott, and of W, B. Cannon have unule very evident. I* i fteen 
Years ugo Bulloch and Sequel re established the fact that when a 
suprarenal body becomes the site of a peculiar form of malignant 
overgrowth in childhood the body of the !*>y or girl undergoes cer¬ 
tain extreordinary growth changes. The sexual organs bwome 
rapidlv mature, and through the framework of childhood burst all 
the features of sexual maturity-die full chest, muscularity of imbs, 
bass voice, bearded face, and hairy Unly-u miniature Hercuies-a 
iivirark of transform at iou in Itfidy tiiol hrnin. i orrfcspomUii£ changes 
occur in young girls-alumst infants in years—with a tendency to 
assume features which characterise the male 1 ref. (dym, (Quart. 
JourU. Of Med., vol. v, p. 1ST, tK&) has recently collected the details to 
such nuas and sysu-matixed our knowledge of these strange derange¬ 
ments of growth* There can be no doubt that the suprarenal bodies 
constitute an important part of the mechanism which regulates the de¬ 
velopment am) growth o/ the human body and helps in determining 
the racial clmnictcre of mankind. We know that certain races come 
more quickly to sexual maturity than others and that races vary in 
development of hair and of pigment, and it is therefore reasonable to 
expect a satisfactory explanation of three characters when we have 
.-nine by a more complete knowledge uf the suprarenal mechanism. 

During the last few years the totally unexpected disroveiy has been 
sprung upon us that disease of the minute pineal gland of the brain 
ninv rive rise to a train of symptoms very similar to those which fol¬ 
low tumor formation of the context «f the suprarenal bodies. In 
some imrtani're the sudden sexual prematurity which mx-ure in cluld- 
hood is apparently the immediate result of a tunmrhkc affection of 
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the pineal gl&nd. We have hitherto reg^nJed the pineal glttnd, little 
bigger than a wheat grain and buried deeply in the brain, as a mere 
Useless vestige of 21 median or parietal eye, derived from some distant, 
human ancestor in whom that eye was functional, but on the clinical 
and experimental evidence now rapidly accumulating wo must assign 
to it ft place in the machinery which controls the growth of the liody. 

\\ e come now to deal with the thyroid gland, which* from an an¬ 
thropological point of view, must be regarded as the most important 
of all tiie organs or glands of internal secretion. Here, too, in con¬ 
nection with the thyroid gland, which is situated in the front of the 
neck, where it is so apt to become enlarged and prominent in women, 
J must direct attention to a generalization which X alurred over when 
speaking of the pituitary and suprarenal glands. Each of these 
glands throws into the circulating blood two sets of substances—one 
set to act immediately in tuning the parts of the body which are not 
under the influence of the will to the work they have to do when the 
body is at rest and when it is making an effort; another set of sub- 
stance^—whidi Prof Gley has named morphogenetic—has not an 
immediate but a remote effect; Lhey regulate the development and 
coordinate the growth of the various parts of the body. Now at> 
far as the immediate function of the thyroid is concerned, out pres¬ 


ent knowledge points to the gland as the manufactory of a substance 
which, when circulating in the body, regulates the rate of combustion 
of the tissues: when wo make a muscular effort, or when our bodies 
are exposed to cold, or when we become the subjects of infection the 
thyroid is called upon to ii^ist in mobilizing all available tissue fuel 
If we consider only its immediate function it is clear that the thyroid 
is connected with the selection and survival of human races Whim 
however, we consider its remote or morphogenetic effect* ™ _ 



liable to that form of disease known as goitre it 
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The skin as a "whole looks transparent; the hair of the scalp becomes 
scanty; the pubic and axillary hair, with the eyelashes and eyebrows, 
often falls out; in many cases the teeth are brittle and carious. All 
these appearances disappear under the administration of thyroid 
extract.” We have here conclusive evidence that the thyroid acts 
directly on the skin and hair, just the structures we employ in the 
classification of human races. The influence of the thyroid on the 
development of the other systems of the laxly, particularly on the 
growth of the skull and skeleton, is equally profound. This is par¬ 
ticularly the case as regards the base of the skull and the nose. The 
arrest of growth falls mainly on the basal part of the skull, with the 
result that the root of the nose appears to be flattened and drawn 
backwards between the eyes, the upper forehead appears projecting 
or bulging, the face appears flattened, and the bony scaffolding of 
the nose, particularly when compared with the prominence of the 
jaws, is greatly reduced. Now, these facial features which 3 have 
enumerated give the Mongolian face its characteristic aspect, and, to 
a lesser degree, they are also to lie traced in the features of the Negro. 
Indeed, in one aberrant branch of the Negro rare—the Bushman of 
South Africa—the thyroid facies is even more emphatically brought 
out than in the most typical Mongol. You will observe that, in my 
opinion, the thyroid—or a reduction or alteration in the activity of 
the thyroid—has been a factor in determining some of the racial 
characteristics of the Mongo’! and the Negro races. I know of a 
telling piece of evidence which supports this thesis. Some years ago 
there died tn the East End of London a Chmcscgiant—the subject, 
we must suppose, of an excessive action of the pituitary gland—the 
gland which I regard as playing a predominant part in shaping the 
fore and bodily form of the European. The skeleton of this giant 
was prepared ami placed in the museum of the London Hospital 
Medical College by Cot. T. H. Openslmw, and anyone inspecting lliat 
skeleton can see that, although certain Chinese features ure still 
recognizable, the nasal region and the supra-orbital ridges of the face 
have assumed the more prominent European type. 

There are two peculiar and very definite forms of dwarfism with 
which most people are familiar, both of which must be regarded as 
due to a defect in the growth-regulating mechanism of the thyroid. 
Now, one of these forms of dwarfism is known to medical men as 
achondroplasia, because the growth of cartilage is particularly af¬ 
fected. but in familiar language we may speak of the sufferers from 
this disorder of growth as being of the “ bulldog breed ” or of the 
“ dachshund breed,” In the dachshund the limbs are greatly short¬ 
ened ami gnarled* but the nose or snout suffers no reduction, while 
in the bulldog the nose and nasal part of the face arc greatly reduced 
and withdrawn, showing an exaggerated degree of Mongolism. 
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Among achondroplastic human dwarfs both breed* occur* but the 
‘"bulldog” form is milch more common than the h dachshund ” type. 
TJip shortening of limbs with retraction of the nasal region of the 
face—pis g-face* or prosopiu, we may cull the condition—h;i - u very 
direct Interest for flnthro{Mi]ogists, seeing that short limbs and a long 
trunk are well recognized inch! churnetcristirs nf tin 1 Mongol- In 
the sennd kind of dwarfism, which we hare it a son to regard as due 
to a functional defect of the thyroid, the Mongol Inn traits are so 
apparent that the sufferers from this disorder are known to medical 
men as w Mongolian idiots*” for not only is their growth stunted but 
their brains also net is: n, peculiar and aberrant manner, T>r. Lang- 
don Down, who gave the subjects of this peculiar disorder the name 
u Mongolian idiots 7 " 35 years ago, knew nothing of the modern doc¬ 
trine of Internal secretions, but that doctrine has been applied in 
recent years by Dr, F B d, Crodtehank (The Universal Medical Rec¬ 
ord, vol. iil, p. 12, 1913) to esphtin the features and condition of 
Mongoloid imbecile children. Some yeara ago (Jonm. of AnaL and 
Physiol., 1913) T brought forward evidence to show that we could 
best explain the various forms of anthropoid apes bv applying the 
modern doctrine of a growth-controlling glandular mechanism. Its 
the gorilla t ve see the effects of a predominance of the pituitary ele¬ 
ments; in the oraog, of the thyroid. The lato Prof. Klaateeh tried 
to account for the superficial resemhknees between the Malay and 
the orang by postulating a genetic relationship between them ; for a 
similar reason he derived the Negro type from a gbrilline ancestry. 
Occasionally we see a man or woman of supposedly pure European 
ancestry displaying definite Mongoloid traits in their features. IVe 
tinve Wn In the habit of accounting for such manifestations by the 
theory, at one time very popular, that a Mongoloid race had at one 
tune spread over Europe and that Mongoloid traits wero Atavistic 
recurrences An examination of the human remains of ancient 
Europe yiehb no evidence in support of a Turanian or Mongol inva¬ 
sion of Europe. 


All these manifestations to wikh I have been dicing vour atten¬ 
tion—ihe spomdir manifestation of the Mongoloid diartfdfeii in dh- 
eawd ehadren and in healthy ndatt Europeans, the peneric characters 
which separate one kind of ape fmm another, the hodilv and mental 
features which mark the various races of mankind—arc f, es t ex- 
pliiiued hy the throrv T am supporting namely, that the conforms- 
tion of man and ape ami of every vertebrate animal h determined hv 
n common prnwth-contmllmfr mechanism which ia rcsirW in „ ™ 
tom ofRmall but complex Slandufer organ*. We must now S 
somewhat marc closely into the manner In whif'h thi* t , 

in, mechanism actnally Jferfa, Tim* we « 
glimpse of a research earned out by Bayliss Bnd starling £ the ^ 
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inp" yeurs of the present century. I tier weir fa king lo explain why 
it tms that the pancreas poured out its digestive juice as soon as tha 
contents of the stomach commenced to pass into the first part of the 
duodenum- It was then known that if acid was applied to the lining 
epithelial membrane of the duodenum the pancreas commenced to 
work; it was known also that the message which set the pancreas into 
operation was not conveyed from the duodenum to the pancreas by 
nerves, for when they were cut the mechanism was still effective. 
Bivylies and Starling solved the puzzle by making an emulsion from 
the ncid-snaked lining epithelium of tins duodenum and injecting the 
extract of that emulsion into the circulating blood. The result was 
that the pancreas was immediately thrown into activity. The par¬ 
ticular substance which was thus set eireiilsiting in the blood and 
acted on the pancreas, ami on the pancreas alone, and thus served as 
a messenger or hormone they named secretin. They not unly cleared 
up the mechanism of pancreatic secretion, but id the same time made 
a discovery of much greater importance, They had discovered « 
new method whereby one port of the human body could communi¬ 
cate with and control another. Tp to that time we had been like 
at! outlandish visitor to a strange city, who believed that the visible 
telegraph or telephone wires were the only means of communication 
between its inhabitants. We believed that it was only by nerve libers 
that intercommunication was established in the animat body. Buy- 
lies and Starling showed that there was a postal system. Missives 
ported in the general em ulation were duly delivered at Lhetr des¬ 
tinations. The maimer in which they reached the right address is 
of particular importance for us; wc must suppose that the missive 
or hormone circulating in the blood and the recipient for which they 
are intended have a special attraction or affinity for each other— 
one due to their pbvsical constitution—and hence they, and onty 
thev rotne together as the blood circulates round the body. Secre¬ 
tin'* hormone width effects its errand rapidly and immediately, 
whereas the growth or morphogenetic hormones thrown into the 
circulation by the pituitary, pineal, thyroid, suprarenal, and genital 
■darnls act slowly ami remotely. But both me alike in this; the 
result depends not only on the nature of the hormone or missive but 
also on the state of the local recipient The local recipient may bn 
specially greedy, as it were, and seize more than n fair share of the 
manna in circulation,or it may have “sticky fingers” and seize what 
is not really intended for local consumption. IVe can see that local 
growth—the development of a particular trait or feature—is de¬ 
pendent not only on the hormones supplied to that part but also on 
the condition of the receptive mechanism of the part. Hence wc 
can understand a local derangement of growth, an acromegaly or 
giantism confined to a linger or to the eyebrow ridges, to the nose. 
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to one side of the face, and such local manifestations tire not un- 
common. It is by a variation in the sensitiveness of the local re¬ 
cipient that we have :m explanation of the endless variety to In? found 
in the relative development of racial and individual features. 

Some 10 year?; after Starling had formulated the theory of hor¬ 
mones, Prof. TV. 1>- Cannon, of Harvard University, piecing together 
the results of researches by Dr. T. R. Elliott and by himself on the 
action of the suprarenal glands, brought to light u very wonderful 
hormone mechanism—one which helps us in interpreting the action 
of growth-regulating hormones. When we arc about to make a 
severe bodily effort it is necessary to flood our muscles with blood, 
so that they may have at their disposal the materials necessary for 
work—oxygen and blood sugar, the fuel of muscular engines. At 
the beginning of a muscular effort the suprarenal glands are set 
going by messages passing to them from the central nervous system; 
they throw n hormone—ad renal in—into the circulating blood, which 
has a double effect; adrenalin pets on the floodgates of the circula¬ 
tion so that the major supply of blood passes to the muscles. At the 
same time it so nets on the liver that the blood circulating through 
that great organ becomes laden with blood sugar, We here obtain 
a glimpse of the nent ami effective iminnor in which hormones are 
utilized in the economy of the living body, Fmm that glimpse we 
seem to obtain a due to that remarkable disorder of growth ia the 
human body known as acromegaly, It is a pathological manifesta¬ 
tion of an adapt at t mud mechanism with which, we arc nil familiar, 
Nothing is better known to us than that our bodies respond to the 
burden they are made to bear. Our muscles increase in size and 
strength the more we use them; increase in the size of our muscles 
would be useless unless our bones also were strengthened to a corre¬ 
sponding degree. A greater blood supply is required to feed them, 
and hence the power of the heart has to be augmented; more oxygen 
is needed for their consumption and hence the lung capaeiiv has to 
he increased: more fuel is required, hence the whole digestive and 
assimilative systems have to undergo a hypertrophy, including the ap- 
] vara tits of mastication. Such a power of coordinated response on the 
part of all the organs of the body to meet the needs of athletic train¬ 
ing presupposes a coordinating mechanism. We have always re¬ 
garded such a power of response as nn inherent property of the living 
Viody, but, in the light of our grow ing knowledge, it is dear that wo 
are here dealing with an harmonic tnechanisan, one in which the 
pituitary gland is primarily concerned, When we study the struc¬ 
tural changes which take place in the first phase of acromegaly (see 
Keith, Lancet, ii. p. 998, 1011; i, p. 3115, IMS) wt find that not enlv 
are the bones enlarged and overgrown in a peculiar way, but also 
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the muscles, the heart, the lungs, the organ.? of digestion, particularly 
the jnws - hence the marked change? in the face for the form of the 
face is determined by the development of the upper and lower jaws. 
The rationed interpretation of acromegaly is that it is a pathological 
diorder of the mochanisn of adnptntional response; in the healthy 
body the pituitary is throwing into the circulation just a sufficiency 
of a growth-regulating substance to sensitize muscles, bones, ami other 
structures to give ti normal response to the burden thrown on the 
body. Hut in itvromegidy the body is so flooded with this substance 
that its tissues become hypersensitive and respond by overgrowth to 
efforts and movements of the slightest degree. It is not too much to 
exjX'ct, "hen ’v i - sec how the body and features become ti’iinsfurnied 
nt thfl onset, of acnuuegnly T that a fuller know ledge of these growth 
mechanisms will give us» due to the principles of race differentiation. 

There must be many other mechanisms regulated by hormones with 
which wo are as yet totally unacquainted. I will cite only one in¬ 
stance—that concerned in regulating die temperature of the body, 
ii e know Unit the thyroid and also the suprarenal glands arc oun¬ 
ce rne.l in this mechanism; Ihpy have also to do with the deposition 
ami absorption of pigment in the skin, which must lie part of the 
bent-regulating mechanism. It is along such a path of inquiry that 
wo expect to discover a clue to the question of race color. 

This is not the first occasion on which the doctrine of hormones 
1ms been applied to biological problems at the British Association. 
In his presidential address to the zoological section, at Sheffield, in 
1IUP, Prof. G. C. Bourne applied the theory to the problem? of evolu¬ 
tion; Us bearing was examined in more detail in an address to the 
flame section by Prof. Arthur Dandy during the meeting at Ports¬ 
mouth in iUU. At the meeting of the iisspdauon, at Newcastle, in 
191G. Prof. Mac Bride devoted part of his address to the morpho¬ 
genetic bearings of hormones. Very soon nfler Starling formulated 
the hormone theory. Dr. J. T. Cunningham Applied! it to explain the 
phenomena of heredity (Proc. ZqqL Sue, London, p, 434, iflOS). 
Nay, rightly conceived, Darwin’s theory of pas-genesis is very much 
of the same charm-tv r as t he modern theory of hormones, 
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THE EXPLORATION' OF MANCHURIA. 1 


By Capt. ArratTK nit C. StitronT. F. It. fi, F. 55. K. 


rWIth A platen. I 

Manchuria. perhaps on account of its lie mg the ancestral home 
of the Jatft ruling dynasty of the great Chinese Empire, has long been 
a country of considerable interest to explores from the weak, though, 
owing to peculiar difficulties, not usually presented in the cases 
of other unknown parts of the world, its exploration has not been so 
thorough iir so rapid as might have been expected. 

The difficulties which barred alike I he scientific and commercial 
explorer, and effectually kept out the greatest pioneer of all, the 
prospector, lay in the fnct that the Mnnehii emj>crnrs in their rule 
over China tried to keep closed the doors of this the sacred I mine 
of iheir forbears against the inquisitive and grasping Europeans. 
And, all tilings considered, and from their own point of view, they 
had considerable reason on their side. 

As regards Manchuria itself, their first experience with the white 
** barbarians" of the west occurred when the Russians in their march 
of conquest across Siberia came into contact with I he outposts of the 
Manchu Empire on the Amur in the seventeenth century, and at 
once a struggle commenced between the emissaries of the two mighty 
empires for llie [mssessiou of this valuable stretch of territory, which 
ended in the nineteenth century in the whole of the Amur and Ussuri 
regions coming under the sway of the Tsar of all the Russian 

Nest the Manchu emperors found the white man knocking with 
no uncertain hand at the doors of tlieir domain in the far south, bo 
that it is not to be wondered at that they tried to keep Manchuria 
closed to these aliens. Nevertheless, the whites have persisted in tlieir 
purpose, and, after forcing the doors, have during the past century 
succeeded in finding out much about the wonderful country of 
Manchuria. 

Very early in what may be called the modem history of the coun¬ 
try the great explorer and naturalist. Pallas, reached the Amur 
region. He was followed in turn by Fiadde and Schrendc. and all 
three have left invaluable records of their discoveries. 
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1,1 18S6 lb ns; noted travelers, .fames. Younghusfoimd, and f’nlford, 
made their historic journey through Shenkiag (now known ns 
Fengtian) and Kirin, to the sacral peak, Lao Pei Shan (Puiktusan), 
of the t han" Pei Shan range, and northward to the Sungari Fiver 
and into Heilungkiang Province, The record of their journey was 
perpetuated by James in his standard work “The Long White 
Mountain. 1 ' 

Later still Sir Alexander Hosto made his journeys through the 
country and along the Amur, and he too has ably contributed to our 
knowledge of tin* country in his book “ Manchuria, Its People, lie- 
sources, nnd Recent History,” In addition to the records of these 
traveler* and explorers there is a considerable amount of literature 
in Russian and Japanese, which, alas, is scaled to most Britishers 
and sadly curt nib our general knowledge of the country, It is to bu 
hoped that these records of gnod work done will some day appear in 
the English language, for it is hardly likely that either Russian nr 
Japanese will ever become part of the curricula of our British schools 
and colleges. 

While travelers and men of science have thus been busy, the 
representatives of the commercial world have not been idle, for the 
barriers set up have been broken down and trade relations established 
so that rhe southern and western parts of the country have become 
fairly weti known to the outside world. 

In the lust few years, with increased facilities for travel, and with 
the passing of the old suspicions against outriders, scientific men its 
well as traders and missionaries have penetrated the country to a 
considerably greater extent than was formerly possible. Even so, 
there still remain large tracts of unexplored country, while t lie re is 
still much to bo learned regarding its topography, fauna, flora, 
geology and mineral and economic resources; and it is with my own 
small share in the work of exploring these lost stretches of unknown 
territory that I propose to ileal to-night. 

In preparing this paper it has Leu difficult to determine just 
what line to take; for, though in the course of the past 12 years I 
have done a certain amount of geographical exploration, notably in 
Shined, Shensi. North Chihli, and Inner Mongolia, as n naturalist I 
have been con vened primarily with the fauna and to a lesser extent 
(ho flora and geology rather than with the geography of these 
districts. 

Nevertheless, it is not easy for even the most casual traveler to pass 
through n country without "leaning some idea of its geography, 
topography, people, ami products, and, as ! hope I may claim to be 
something more than a casual traveler, I feel that, as one of the 
most recent scientific travelers in Manchuria, there may Ijc soma- 
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thiii£ of interest regarding that country for me to Jay before the 
(n^mtwra of this flistinpiislied society. 

As n field naturalist I hare been working under the auspices of the 
Omtod States National Museum, a Government establishment under 
the direction of the Smithsonian Institution, It has been my good 
fortune to make several excursions from my headquarters in Tientsin 
inio Manchuria, a land of mighty rivers and great primeval forests, of 
volcanic hills and mountains and wide alluvial plains. 

My first visit was made in the spring and early summer of 1913, 
when I entered Kirin Province, via Kaiyiinn on the Moiikden-Haibin 
Jib'd way line, and, after n period spent in the forest to the southeast 
of C’haoyiingclien. took boat mid explored certain parts of the upper 
Sungari Stiver and Its tributaries, finally reaching the town of Kirin, 
nr Ghttanchang, and thence by river steamer and railway arriving 
hack in Tientsin in August, 

In the spring of the following year I made a journey by bout up 
the lower [Minion of the Vain River and its tributary, the Hnnkiang 
t a king the op portutii ly to visit ] 'o it Ajthu r a n <1 Dr, ] ny cn route. '' 

The following autumn and early winter were spent in the forested 
regions in northern Kirin Province, between Harbin and Nicguta 

In the summer of 1915 I traveled with a friend to Harbin, anti 
them® clown the Sungari River as far as its junction with the Amur. 

It was found impossible, however, to continue in this direction, owing 
to the suspicion and inimieability of the Russian authorities, so we 
turned hack and spent the autumn once more in the forests of north- 
em Kirin* 

Had I been on a purely geographical quest my wanderings would 
undoubtedly have lieen of n far wider scope, but it will readily 
understood that the search for small mammals, birds, reptiles, and 
even larger quarry, depends fur its success rather upon getting to 
know one more or less limited area well than in making lengthy and 
rapid traverses of wide stretches of country. The (Several excursions 
just mentioned were undertaken with a view to tapping typical areas 
in Manchuria, nnd certainly the results they yielded were highly sat¬ 
isfactory, though it must be stated at once that little in the way of 
absolutely new species was discovered. 

Before gmng into details of my own travels, it might be as well to 
lake a rapid survey of the geography, configuration, communica¬ 
tions, and resources of Manchuria ns they exist to-day, for simre 
James and his party nnd ilosiia made their attended journeys in that 
country considerable changes have taken place. The settling up of 
the wilderness by Chinese lias continued on an ever-increasing scale; 
railway’s, undreamed of then, have come into existence; the great 
rivers of the north have been supplied with steamboat services; and 
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va-d areas of forest have been transformed into smiling farm lands. 
The few nt>origines have become further reduced, while foreign in¬ 
fluence—Russian, .Japanese, and Chinese—has great!v increased. 

The three Provinces of Manchuria—Fengtien, Kirin, and Heilung¬ 
kiang—^occupy a broad horseshoe-shaped halt of country, of which 
the outer (eastern) edge is lxmnded by four great rivers, the Yalu 
and Tumen, on the south, forming the boundary between Fengtien 
and Kirin and Korea ; the Fssuri, on the east, dividing Kirin frotu 
the east Siberian Province of Primovskaya; and the Amur,or Heilung¬ 
kiang, on the north, separating Heilungkiang Province from the 
Amur Province, or Amur! and. Formerly, during the Ch*ing dynasty 
ami right into the nineteenth century, both Ainurlnnd and Priinor- 
skaya l *• longed to Manchuria, anrl to this day the aborigines nf these 
great stretches of country should be considered as Manchurians 
rather than Sihcriaiis. 

The western boundaries of Manchuria are less dearly defined, 
though here the Provinces come into contact with eastern Mongolia. 
The more or less arid steppes of which the latter country is formed 
do not end with the political boundary line, but extend Jieyond tin* 
border into the more fertile terrain of Manchuria. Thus portions 
of northern Fengtien, western Kirin, and southwestern Heilung¬ 
kiang are more typical of Mongolia, nnd we find the rilmrigines per¬ 
taining to the more truly Mongol race, such as the Dauriattt, 

(Jf the three Provinces, Fengtien has been longest under cultivation, 
and has figured the most in the history of Chinn, Mongolia, Man¬ 
churia, ami Korea. It consists of rather hare, ro<*ky hills and moun¬ 
tains in the west and southeast, with a wide flat plain between, which 
runs in a northeast southwest direction, joining up with the east 
Mongolian steppes in the north, and bordering the Liao tung ( Julf 
in the south, Down this plain flows the Liao River, and on it are 
situated many important towns, such ns Chinchnwfu, Muukden, 
lidding, and Kaiyfiaii. The Peking-Moukden Railway traverse* it 
from Khan bulk wan to Moukden. A branch line from Knwpnntee 
runs to Ymgkow at the mouth of the Liao River. From Moukden 
run three brandies of the South Manchuria Railway. One strikes 
southwest and runs as far a » Port Arthur and DnlnV (Dairen), «n 
the Liaotung Peninsula, with n short branch to Yingknw. Another 
running southeast reaches Autung at the mouth of the Yalu River, 
wliidi it cHisses bv means of a magnificent steel bridge, and is con¬ 
tinued in Korea as the Chosen Railway. A third, which is really a 
continuation of the first, runs north to Changchun, where it makes 
connection with the Changdiun-Kirin Railway, and a branch of the 
Chinese Eastern Railway which runs south from Harbin. The main 
line of the Chinese Eastern Railway runs from Vladivostok to Man- 
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F(n. 1,—.Sketch nup of Uam-Tjur!*, prepared from tin ManrhiirLi -heel ut tin J/t, JI ajiTji 

worms being fed on scrub tmk specially grown for the purpose. The 
mw e?jI k is extensively exported to Shantung, where it is manufrte- 
tured into the famous pongee. All attempts to induce thu silk weavers 
of Shantung to settle in Manchuria have failed. 

The Japanese Government has had schemes for in dating her own 
nationals to settle on land along the railway lines controlled bv her: 
hut this also 1ms proved a failure, probably owing to the inability of 
the Japanese peasants to eomiiete favorably with the local Chinese 
farmers. 


tliouTi through Xinpitu, ITurhin and fluitur. The F.ino River is not 
navigable except for light-draft native boats, but of this type of 
craft it t arries a comdikraHe number. 

Fengtien is given almost entirely to cultivation, maiza, wheat, 
sorghum, millet, beans, and, of late years, rice being the main cereals 
grown. V considerable amount nf tobacco is grown, tvhile silk is ex¬ 
tensively cultivated in the hills of the south and southeast, the silk- 
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To the east of Fengticn lies the beautiful and fertile Province of 
Kirin, nr Chi Lift* meaning “ clear forest.^ At least a thin) h£ large 
again as Fengtien. this Province supports at present a far smaller 
population, though it is being settled up rapidly. 

The great Kirin Forest, which stretches from a little north of the 
Yalu up the middle and west of the Province* in places to the very 
banks of the Sungari River* east of Harbin, and well into the tingle 
formed by the junction of the Ussuri with the Amur, has been esti¬ 
mated ns covering an area equal to that of Scotland* 1 be whnle of 
the Chang Pei Shan Range is heavily forested* though tins area is 
being exploited for its limber by the Japanese on the southern ansi 
the Chinese on Lhe northern slopes of the range, the former getting 
the timber out by the Vain* and the latter by the Sungari and its 
tributaries. Farther north in the Province, between Ilarhin ami 
Xingot a, the forest is being tapped by Russian ami Chinese com¬ 
panies, the timber extracted consisting chiefly of pine. It is trans¬ 
ported from the forest by the Chinese Eastern Railway, and most of 
it goes to Vladivostok* whence in pre-war times it found its way to 
Europe, An enormous igiantily of oak* walnut* and maple is also cut 
to supply fuel for the population* the locomotives, and the steamers 
that ply on the Sungari. The forest in the northeast of the Province 
consists mainly of deciduous trees, chiefly oak. 

Resides the Chang Pei Shan Range in the south, the center and 
eastern portions of the Province are occupied by high hills and even 
mountains of pin tonic and volcanic origin. 

The Provinces is drained by the Sungari River, the Mutan Ho 
(Peone River)* anil the left tributaries of the Ussuri River* The 
Sungari is navigable for native IkjjiIs for about. 100 ntilth? above (L e, 
tfitithrust of) Kirin City, and by steamers from its mouth to that city. 
The Mutan Ho carries l wait traffic at least as far as NingUta* 

The western section of the Province and the valleys of the large 
rivers and their tributaries are now under cultivation, while settlers 
arc steadily pushing farther and farther up Lite valleys, thus opening 
up the country. With the exception of rice and silk, which arc not 
grown, the products of cultivation are the same us those of Fengticm 
The Province of Heilungkiang, which means the 44 black dragon 
river/* is by far the largest of the three. It contains two extensive 
mountain systems* the Little Khingaii Mountains in the southeast 
and the Great Khingim Mountains in the west. These mountains 
arc for the most part heavily forested, and have been botfly touched 
by the explorer. 

The Norm! Ho, an import ant tributary of the Sungari, drains din 
eastern portion of the Province, the western portion being drained by 
the Argun and Sbilka, tributaries of the Amur. 
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The Province is bounded on the north by the Amur, and on the 
south by the Sungari. It has practically no railway#, the western 
section of the t liiiiesc I 1 , a stern li ail way only passing through the 
southwestern corner. However, the Russians have recently built a 
railway down the left bank of the Amur from Karimsknyii. near 
CJiitji, to connect up with the recently opened Ussuri Bail way at 
Khabarovsk, while steamers ply on the Amur at least from Bla- 
gpvyeehcbensk 1 (noted for a brutal massacre of Chinese by the Hue- 
sions, who some 15 yea re ago * drove the Chinese inhabitants, i-onstst- 
ing of some 2,000 souls, at the point of the bayonet into the river} 
to its month, and up the Sungari as far as Harbin and even to Kirin. 

Of the State of cultivation and the products of this Province I nin 
not speak at first hand, except to say that along the banka of the 
Sungari the rich soil in rapidly Iwing brought under the plow for 
the production of the soya bean and other cereals. The fur-hunting 
and fishing industries are also of great importance, 

As already stated, f made four expeditions from Tientsin into 
Muncliiiiift. I he first of these had for its object the exploration of 
the forested area of western Kirin. After reaching Kniyiinn by 
train, my companion, Major Bowker, and I engaged carts and pro¬ 
ceeded eastward to a place culled Chaoyatigchen. which La situated 
within lb or 15 miles of the outskirts of the forest, dose to the 
I* engtien-Kirin border. c passed a number of villages on the wav, 
and two rather large towns, ShanchengtStt and Hatlungfu. Three 
Were tiew and, from all accounts, of mushroom growth. Indeed, the 
road we traversed led through country that showed abundant evi¬ 
dence of having come untler the plow but recently. 

From Chuoyangchun, where we stayed a couple of days with Dr. 
and Mrs. W. Young, of the United Free Church of Scotland Minion, 
we set nut in a southeasterly direction, and, after passing tho now 
township of I Inin anting, where the local official did his best to stop 
our further progress, owing to the fear that wo might fall fotil of a 
notorious band of lliing-hu-tzu (bandits) that infested the neigh I Hir¬ 
ing forest, we entered and traveled up the valley of the Hama Ho 
(Frog River). We were very soon in the forest, which here con¬ 
sisted mainly of oak, walnut, elm, nod maple, the first three mostly 

of gigantic sixe. There had been conifers—pines and spruce_but 

these had been cut away by recent settlers, who were everywhere 
making large Hearings, building log cabins, and cultivating the rich 
soil. 

The roads, if one may use the term, were excessively bad. and we 
had considerable difficulty in making headway. Wo had not gune 

* A» « mutter of fjift. th*j ran uj» s» far u tfin irinli tn ib, JL .|rf- s 

■TUs WMiMiciw took plfltfs? It! I0W, tlurloff tfut tl^mr *ar!i tv-at, 
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far when one cart was overturned into a deep jhkJ beside the mad 
and its whole contents soaked. At one place we had to cross a 
tmocharotis 41 niggerhead ” swnmp. A niggerhead swamp is one in 
which the soft, black ooze is closely dotted with peculiar tussocks of 
grass. In summer the long grass hides everything, with the result 
that in trying to cross the swamp one encounters a series of pitfalls 
as one's feet miss the unlocks and plunge one into the ooze, often up 
to the waist* In the autumn or spring, when lire has consumed the 
long grass, as it often docs, the tussocks look like so many black 
1 leads covered with fimsy black hair, whence the name i[ niggerhead."’ 
The difficulty of getting u heavy cart across such a swamp ran be 
imagined. Add to this si soaking, steady rain and it will be under¬ 
stood that our plight was far from pleasant However, by the end 
of the second day we bad managed to penetrate the forest sufficiently 
far for my purpose of making a typical collection of small mammals, 
so camp was pitched in n suitable spot, and I hist no time in getting 
my traps out. 

It ivj ls a wonderful place we had chosen. A beautiful stream 
flowed Hour by, whence the natives daily brought us fresh trout and 
grayling. Big, fuL pintail snipe were abundant on the open swam (is 
and recent idea rings, while lmu m \ grouse and pheasants could lie 
heard, though seldom gseeu, in the forest itself. Many bright* plum- 
aged bin Is were seen, most noteworthy of which was the beautiful 
oriental roller (Evrtf*tomu& razfemyx, Sharpe), with its brilliant blue 
and "teen plumage, crimson hill and legs- There were a great many 
of these birds about, but they kept to the tops of the highest trees 
and defied all our efforts to secure specimens, while they disported 
themselves So the air and uttered incessantly their shrill chattering 
calls- days* cuckoos, woodpeckers (pied and black), warblers, fly¬ 
catchers, finches, hawks, owls, herons, kingfishers, and grebes were 
all seen and noted - 

Small mammals were scarce* however, so we decided to pu&h on 
farther up the valley. We finally reached its head alter another 
day'* travel, where a friendly settler, practically the last in Lins 
direction, gave us shelter in his log-built huts. Here an interesting 
discovery was made. We had heard rumors of a wonderful lake* 
railed by the natives Ltiolungwan, and had determined to visit it. 
Haring, therefore* made ourselves comfortable at the farm, we lost 
no time in making for the lake, which lay but a mile or so away. A 
steep ascent up the head of the valley brought us la the object of our 
search* and there, like an emerald set in gold, lay the most beautiful 
lake it has been my fortune to see. It did not take long to determine 
Lhe fact that this wonderful sheet of crystal clear water occupied the 
crater of an extinct volcano, In the course of my stay in this vicinity 
I visited another similar lake, while the native hunters told me that 
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sputtered through the forest to the east and south was a scries of ~- 
such Lung Wan (dragon pits), of which half were dry and half 
contained lakes, and that they alt had their origin in one big mot her 
lake far away to the east. Apparently, then, we have here a scries 
of extinct volcanoes, doubtless belonging to the same system tig that 
of the Chung I’ci Shan, the culminating peak of which" the Lao Pei 
■*Stuin (Pni ktustin), visited for the first time by James ant] his parly 
in 1886, is itself an extinct volcano with a lake in its crater simitar 
to the one we visited. 

While ascending the valley of the Hama Flo I had frequently 
noticed outcrops of volcanic sing and lava, and subsequently, while 
traveling from this locality, found that the rock formation of the 
whole country to the north Was of volcanic origin, a thick Inver of 
columnar basalt lying upon a granitic massif. 

After wandering about in the forest for a couple of days in search 
of wild pig or bear, without success, my companion decided to 
return to civilization; but, ns I was still far from satisfied with ihe 
results of my trapping and hunting, I stayed on. There was u band 
of Hung-hu-tzu in the vicinity that was continually on the prowl, 
and to this day it is a puzzle to me how I did not fall foul of them in 
my frequent long trumps through the forest. I had u guard of 14 
foot and 2 mounted soldiers with me, but these brave warriors kept 
to the farm and refused point-blank to accompany me on any of nv 
excursions. At hist word was brought in from a neighboring home¬ 
stead that the bandits had increased their number to 30, all armed 
with modem rifles, and that their leader luid l«cen making tender 
inquiries about the European staying at Liu's farm. On the arrival 
of this news I received a deputation from niy guard, accompanied 
by my host, Mr. Liu, and a little Shantung hunter T had engaged, 
who begged me to leave the place and return to Ch&oynngchcn, since, 
were I to come to any harm, they would lie held responsible by the 
official at Huinanting, There seemed nothing left to do hut to evacu¬ 
ate: but to show my independence I stayed on a couple of days 
while I gathered in my long line of traps, finally packing up my 
gear and returning to (Jhanyungchen. 

Here I bought a small native boat, and with my two servants and 
the late owner of the boat os crew and a small black bear cub as super¬ 
cargo, T sailed down the Haifa Ho to its junction with the Sungari 
River. 

Various adventures in the way of shooting rapids and getting stuck 
on sand banks kept the journey from becoming dull. Indeed, the 
second rapid we descended so frightened the boatman that he ran 
away that night, and T had to engage another old riverman to assist 
in handling the boat, Once, through mistaking the opening in a fish 
boom that stretched screes the river, we sailed bang into it. The boat 
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keeled over eliklI would have capsized but for the fact that the who la 
boom gave way and we righted ship and raced on before the wind to 
the accompaniment of loud curses from the fishermen m\ the shore. 
U was their fault, however, for they had failed to mark the opening 
in the boom with the customary red jlag^ 

At the mouth of the Iliiifa IIo we turned southward and with con¬ 
siderable toil towed the boat a few miles up the Sungari till we came 
lit likely looking collecting grounds* Then, crossing the river and 
choosing a good site on high ground, we pitched camp ones more, I 
was very successful at this place mid spent ti month there. Besides 
small mammilla, of which a large and interesting collection was made, 
numerous spadmwiH of beetles and reptiles* were taken he this point, 
while I was aide to note and study the bird life Lluit abounded in the 
vicinity. RnUnirally, too* the Sfait was ideal, for not only were them 
wooded areas, but there were also rocky cliffs, open uplands* wide 
ideitr valleys and marshes, all within easy walk of nij* camping site. 

It was while camped hero that 1 was aide to form some idea of the 
amount of timber that is being cut on the slopes at the sources of the 
Sungari and its tributaries Every hour of the day dozens of huge 
raft* of logs came Heating pa^t- Some of these contained twenty or 
thirty thousand feet of timber, averaging *1 to 4 feet in diameter, some¬ 
times much more. This timber, I was informed* was out and hauled 
to the water's edge during the winter by nati ve wooden tiers, wild were 
engaged by timber merchants and their foremen. Ti wits a very 
profitable business, the limber realizing a good price at Kirin City. 
They told me that there were still unlimited supplies of timber on the 
slojics of the Chang Pei Shan. 

At last, haring come to the end of my supplies, I decided to return 
to civilisation and one morning put off in mv little boat and com¬ 
menced the journey down the Sungari in u fog. It was well for m 
that it was foggy that morning, for in it we were able to slip past a 
band of Ilung-hu-tzu that wen? lying in wait for mo at the mouth 
of the Iluifa IIo, I should have known nothing about this but for 
the fact that a few nights liefore I woke up to find a man in my tent. 
By covering him with my revolver and calling mv cook up from the 
next tent I made him priBoner, We then found he was armed with 
a long knife, and on his own confession he informed us that he was 
after my rifles so that he could join a hand of Hungdiu-tau across 
the river* Further inquiries of farmers across the river elicited the 
fact that this band of robbers were hanging around to hold me up 
whenever X should start down the river. As a matter of fact, a few 
days Inter n missionary and his wife, who were traveling by river 
from nifioyangrhen to Kirin, were held tip by this same band and 
robbed of all they had. 
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Without any further untoward event, and, except for the shooting 
of sl dangerous rapid called ^hiaogno Ho, without excitement, the 
journey was accomplished in three days. At Kirin I gave the boat to 
the old boatman, thereby earning his eternal gratitude, boarded a 
paddle-wheel steamer, and reaching the railway line lietween Harbin 
and Changchun at the point where it crosses the Sungari, caught the 
south bound train, and was back in Tientsin once more within 48 
hours. 

The journey tip the Train River the follow ing spring was one of 
intense interest. Moreover, it yielded very pleading results in the 
way of collections of mammals, birds, fishes, reptiles* Uitim’hiran^ 
and insects; was, in fart* one of my most successful expeditions into 
these regions. Having taken steamer from Tientsin to An Lung* via 
Port Arthur and Dalny (Dairen), I sol vet) the problem of traiis(M>rt 
up the Vatu by engaging a roomy Chinese sampan, in which my 
always bulky baggage was comfortobty stowed, allowing me room to 
sleep and live as well* It was a most delightful journey and* but for 
rapids* up which the sampan had to be pulled, was accomplished 
without any great labor. 

It wiih disappointing* however, that* owing to the low state of Lhe 
water and the dangerous nature of the rap ills, we could not ascend 
the river farther than the town of Wakhakow, about a hundred miles 
from its mouth. This decided me to turn up a tributary mimed Htm 
Kiang, and ascending its course till we came to suitable collecting 
grounds, I pitched cramp and explored the neighboring country. The 
spat that I had chosen was simply alive with all kind of birds, rep 
tiles, and insects, though, strangely enough, mammals were very 
scarce. 

Later, in descending the main river* I stopped twice in route and 
made good collections of such mammals as occurred in (!.■■ ^ '11str> 
From Imtli banks, 1 found the Korean \muk more wooded than (he 
Manchurian, which I put down to the influence of the Japanese, 
who look after the timlier more than the Chinese, besides enforcing 
use fid gmne laws. Parti tut] it r attention was paid to the fish of the 
Vain, with the result that a good and typical collection was made. 

The Korean population, ho diffcrent from the Chinese, formed a 
never-ending source of interest. Particularly did their river craft 
attract nne T s attention. Excellent watermen when it comes to the use 
of cunoes and paddles, the Koreans mm not approach the Chinese as 
sailors* Their primitive devices for catching the wind to a&dst ihu 
progress of their dugout canoes and boats were ludicrous when com¬ 
pared with the well* made, well-handled and expansive sails used by 
the Chinese* The strange thing is that, though living side by side with 
the Chinese, and with such splendid examples of river craft before 
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them, the Koreans stick to their primitive dugouta, paddlas, and 
pocke t - \m ndkerchief sn i Is, 

Taking them altogether,, the Koreans appear to \m a poor, list leas, 
lazy people, content to live under the heavy hand of their Japanage 
rulers* so long m their long stemmed pipes do not lank tobacco and 
their flasks the crude, raw spirits which they secure from the Chinese, 
and of which they are inordinately fond. The women, so far so one 
could judge, do all or most of the hard work, the men nt the best 
indulging only in fishing, sit which, by the way, they are pnst masters; 
tl nifty he stated here that ns fishermen, hunters, and even ;is agri¬ 
culturalists the Koreans have spread into parts of Fengticn, right 
through Kirin, and may even be met with on the lower reaches of the 
Sungari, and it is re markable how, wherever they go, they stick to 
their own dress, dugout canoes, methods of fishing, and manner of 
living. 

The trips into the forest of Northern Kirin were carried out in the 
late autumn with the object of securing specimens of the larger mam- 
mala of the country. I had heard that Lhe town of fmienpo f on the 
1 Ltrbii^Xinguta section of the Chinese Eastern Railwoy, waft a good 
place to make one’s headquarters while hunting in this region. This 
turned out to Ins correct, and during the months of September, Octo¬ 
ber, and part of Noveuilssr, 1914j I made seveml excursions into the 
forests along the line, returning whenever my supplies ran put and 
ns victualing at this little township. 

Owing to the lack of transput ami the nature of the forest in this 
d istrict, it was i n 1 puss i \ ile ti 1 run ke j on rneys o f k mg du mlh m . 1 1 tnteu d, 
ivUh two or three local Russian hunters, my servant and I T carrying 
on our backs only the barest necessities, would sally forth for three or 
four days at a time, shoot and trap what we could, and return with 
the skins to quarters reserved in Imivnpo, where we would attend to 
their preservation. 

This method, though arduous and hsrdly likely to produce the best 
results, served fairly well. Thus on the first trip two good specimens 
of the Mwdmnixt wapiti were secured, as well us a roedeer, some 
birds, and a good series of small rodents. 

Subsequently I tried hard to secure a wapiti with a good pair of 
antlers, but, though I traversed long distances and put up with con¬ 
siderable hardship, fortune was against me, and finally I was driven 
back to headquarters with a severe attack of rheumatism. 

■»** tried the country to the north of Imienpo and were re- 
warded by securing three bears and a couple of gomls, well as a 
specimen of a hluck forest hare, some squirrels, minks, voles, rats, 
ami mht\ and some into resting birds. One of the l>ears was a fin® 
specimen of what uiny be considered the Manchurian reprcaontati™ 
of the American grimly. The animal measured seven feet in the fiesh 
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from tip to tip, find was estimated at somethling over 6CM pounds in 
weight. It was not fat, and the natives told me tlmt tins specie* 
did nut get fut till much later in the autumn. It was subsequently 
identified with Heudes C rsvs * camfrorUf^ and appear* to form, with 
other related specie*, a connecting link between the prehistoric cave 
2mis of Europe and the North American grizzlies* So far as I am 
aware, this specimen. which now lie* m the Smithsonian Institution 
Collection, is the only complete one existing in any museum* [hough 
a skull, un which Ilcnde based his description, lies in the Zikavvui 
Museum in Shanghai, The other two l>ears were specimens of the 
common black bear of Manchuria, usually referred to Ursu & G tihe- 
ttfnuBy but really a distinct species described by Heude under the name 
of U. usmricus. 

The forest in this part was very fine, being composed of oak, pine, 
spruce* and walnut, all of large rise, with a considerable sprinkling 
of various form* nf maple, which in their fiery uutuinn foliage 
formed a riot of color hard to describe. Everywhere the under¬ 
growth was formed of a tangle of wiki vine, richly laden with clust¬ 
ers of dark, well-flavored grapes, interspersed with fern* aiui various 
small shrubs. 

There was a plethora of edible fungi, of which the Chinese recog¬ 
nized some four or five varieties, and which they were gathering and 
drying for their own winter use or export. Throughout the whole 
region were many dead-fall trap* of ingenious design, from which 
one argued that in the winter the country was the resort of fur trap¬ 
pers. Indeed, I learnt that saldes, martins, ermines, min to*, otters, 
and squirrel* were nnually caught in large numbers. 

My hist expedition into Manchuria had for its object the explora¬ 
tion of the territory along the Amur Biror, but, as already explained, 
this was found impossible owing to the attitude of the Russian 
authorities. Rifles, shotguns, and cameras were forbidden on the 
Amur, while every stranger was viewed with distrust and suspicion. 
The reason for this was that a considerable number of Austrian and 
German prisoners had escaped from the detention camps in the Amur 
Province and formed a menace to the local populace. Not only so. 

1 * 1 tit it was known that passports were living forged by the German* 
in Shanghai or Tientsin, by means of which their nationals were 
getting about as British or French subjects. Thus it will readily hr 
understood that a naturalist with Ms rifle, ammunition, and camera, 
and other more mysterious implements would prove an object of deep 
suspicion. Under the circumstances* after having traveled down Lhe 
Sungari almost to its junction with the A mur, and having made eoU 
lections ut one or two places on the Heilungkiang bank of the former, 
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I decided to nlmndon the project of exploring the Amur till a mors 
suitable occasion, menu while returning to Harbin* and thence pro- 
(.ceding to Imienpo onee more to put in another autumn in the forest 
of that district 

To show the attitude of the Russians at this time, it may be stated 
that hardly had my companion, an American, and I left Emienpo for 
a Lrip into the forest than we were arrested as spies and narrowly 
escaped confinement in Vladivostok, if not a quick nnd sudden de¬ 
mise with our I'neks to a brick wall. It wos only through the good 
offices of a friendly engineer on the railway, who got into corn mu idea¬ 
tion with our respective consuls Iti I fa id da* that we were dually 
released 

While on the lower Sungari I hud trn opportunity of seeing and 
talking with some of those strange people, the Fishskin Tartars, 
descendants of the old aboriginal Tartar inhabitants of Manchuria, 
But a small remnant of this l ril>e now exists, living iti small com- 
munities along the banks of the Sungari and Amur* and obtaining 
a precarious subsistence by fishing, hunting* and a very little culti¬ 
vation of the soil. Their chief town, La-ha-sil-su, where about 500 
families exist, lies at the junction of the Sungari and Amur; but 
there are a number at Fuchird^ien, a nil, I was told, at the month of 
the Ussuri Ilivcr and Up some of thcjdde streams. Those I saw had 
taken to Chinese dress, except for hunting routs and cups of deer¬ 
skin: but they could easily lw distinguished from the Chinese. 

Mention should be made of an attempt, which I believe is proving 
very successful, to clear and cultivate on a large scale the low-lying 
land on the north (Heilungkiang) bank of the Sungari, near Fuchin- 
hsieii, The scheme is under the management of Euro perns, who 
haw imported American machinery for the purpose. Up to the 
time of our visit flood* and the ravages of inserts nnd disuse hud 
seriously hindered successful operations; but by diking in an enor¬ 
mous area of swampy land* and with the use of powerful pumps,, 
splendid results have at last been achieved find bountiful harvests 
secured. This is in the nature of pioneer work* hut its success will 
doubtless lend to further enterprise in the same direction, and we 
may shortly see wide tracts of rich and highly fertile land brought 
under the steam plow in this part ol the country. Manchuria lies 
in the track of the great wheat belt of the world* and as the forests 
are cleared away we shall see a steady development of wheat growing 
and a coriwprimling increase in prosperity of the whole country. 

In regard to the clearing away of the timber, which is only a 
matter of time, it seems a great pity that so large a timber reserve 
n£ that of Heilungkiang Province, not to mention that of Kirin, 
should Ije exploited* m it is now* in so wasteful n manner. Then 
again one would like to put in a wont for the fast diminishing game 
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birds ami animats of the country. Un both these scores some very 
careful and stringent legislation is urgently needed if the future 
welfare of the people that occupy Manchuria is to be considered. 

Though as yet the mineral resources of Manchuria have not been 
thoroughly explored* there are ample signs that in this line the 
country is ns wealthy ns in other ways. Gold, has been washed in the 
rivers for a considerable period; while coal mines and Iron occur in 
the south. Other minerals known to occur in useful quantities are 
lead and copper. Slate also is quarried in some parts, 

Ihe early history of Manchuria is more or leas shrouded in mys¬ 
tery, hut from what Jins hwn handed down it would appear that this 
land of primeval forests was occupied hy tribes of savages, who lived 
entirely hy hunting and fishing. These early Manchurians (this 
term is not to be confused with Manchus) must have been close!v 
iillied to the North American Indians, or perhaps it would be better 
to say that they and the people who populated North America be¬ 
longed to the same ethnic race.* There is n striking resemblance 
noticeable even to-day between the North American Indians and the 
Gilyaks and Goldis of the Amur, Sungari, and Ussuri regions. The 
Inst, to whom belong the Fishskin Tartars, up to comparntjvelv 
recent times, clothed themselves in the skins of animals and fish, the 
latter fact being responsible for the name ** TTu-p’i-ta-tiu H given 
them by the Chinese, 

The early savages of Manchuria were continually engaged in inter¬ 
tribal warfare, which resulted from lime to t ime in one or other of 
the tribes gaining the ascendancy and welding the others into a 
common State, sufficiently powerful to carry on successful warfare 
with neighboring highly civilised kingdoms, 'finis China itself on 
more than one occasion was actually attacked and snbdned, and Man¬ 
churian dynasties placed upon the throne. The last of these was the 
Manehu dynasty, or Ta Ch’ing (Great Clear), whose blunder was 
the famous Narhurchu. ■ Having established themselves in China, 
the Manehus practically deserted their own country, and except for 
the rich and fertile plains of the west that country must have slipjwtl 
back into a more or less wild state, occupied by hut n remnant of the 
old tribes. Then apparently liegau an immigration nf Chinese, 
which has gone on steadily ever since, being accelerated in recent 
years by the wonderful opportunities the rich forest land and great 
river valleys hare to offer the farmer and husbandman. 

*•»#*** 

Though the civilisation of the Chinese dntes hack to such antiquity, 
it is a great mistake to suppose that China is a decadent country, nr 

•Ur. A. Urrtll.'hn. “ R-m.iSni l n Eastorn Aft# of ihr Run Hat FtoplHj Attrtfc*," 
Smithson Is n Mli.-rlUnr-r-dj Cell ret Ion«. tot, W, So IQ, 

11^73'— 21-31 
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its people n decadent race. In spite of periodical floods, famine, 
disease, and civil war, the population of China is, and has always 
been, on the increase. To-day many of the Provinces enn not sup¬ 
port this increase, and we have now, even as it was throughout the 
duration of the Ch'tng dynasty, a steady emigration, of Chinese of 
nil classes into Chinese Turkestan, southern Mongolia, and ft tan- 
chum, Now that the rigorous bureaucratic rule of Russia under 
the old regime has vanished, there is nothing to prevent Siberia I cing 
overrun, peacefully. l>y the Chinese settler and exploited by Chinese 
merchants, who can hold their own against any other people of these 
regions. 
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THE ORIGIN AND TITE BEGINNINGS OF THE 
CZECHOSLOVAK PEOPLE, 


tty JftfflrfttCH aiATIEtlRJi, 

PmfmtQr of AftfhrvpQfvpy and Dkvct&r of the AMkropolopicol Institute, Czech 

Vniverjtit^ Prague. 


[With i Elites ] 

Norm 

The Potable history of old Bohemia, the recent liberation of the CzediofttovulE 
people after three centuries of forcible subject loti to Austria, and the wen- 
derftii anabasis of the C&eclmlottftJt volunteer troops In Russia and Siberia* 
have raised In many minds a <]eslrv to kn*«w more about ihrse people uni] their 
country, Ii Is known that they are the western Elnv*, hut thtdr exact derlvn- 
ttfln, their early history, tin- relation of Ebe Csechs to the Slovak*, and of both 
tu tlie other three main Slavic groups—the Foies* Riminm*, and Jus coin vs, 
together with their actual physical characteristics* are matters on which there 
wtiA hitherto hot scarce in format ion, it was to supply authoritative In forma* 
tlon of this nature, Iwis^l cm scientific research of mu«t recent yenf** that 
Professor Malkin, one of the most competent nnd resjHieted nnihn^ilo^ists 
of Europe, lots published dosing Ihe past year two brief ireatise^ one under 
the title of " The Bodily Characteristics of the Czech People M IS*. Prague, IDlUi, 
and the other on the 4H Origin and Beginnings of (hr Czechoslovak People ,s 
(&*, Prajfue, 1030). The present article ts a partial obstruct of the first with 
a part translation of the hitter lrealise. 

Tlie Czech omIoVuIc Itopubtie, as constituted after the peace conference, eom- 
prtses the Eerrltorlcft of BohemEn. Moravia, Slovakia, Sul H’firpaUi Kan Russia, 
and a portion of Silesia. 

Thr^ lerrllories cover nearly rfi&M} rtpjtirc ruilcs^ and have approximately 
U.OWm Inhabitiits, of whom about 7,lXK» p 0UO are Czechs, 2,800,000 Slovak^ 
and Hut hen! a u?. Resides these, them are nbtmi 3,000,000 Bermans, de¬ 

scendant!* of the twelfth to nlneiettiib century immigrants, and about 1.000,000 
Magyars, who In the course of their domination over Slovakia nciiulnn] domicile 
in Hint country. 1 The density of population la very great In Bohemia, reach- 
Lag 210 per square mile {United States about 35* State of New York, Including 
the dty of New' York, nearly 2otl per JJQUnre lutLeh 

Bohemia H« to the heart of the Eompcati continent, ihe remaining Prurinees 
extending below and partly Into the Carpathians, towards the east, Bohemia 
Itself forms n remarkable geographical unit. It Is a great diamond-shaped 

tTbe fljjoira &m given an Etnly HElnuitcfl. The only n^rfal data #fr tfcnw of Uw 
1010 ADitriiui and I luagnrE 4 & tenvoaefr, whli-Jb arr gravity inaccurate is In lhe pmpor 
tlua« of the r]|£er*a| national Libra The lint Crfiaa* of ih'* HrpishHe U IO be tnkrn la Teh 
nwry, I&2t. See La RepQl>l|i]Be TehteegiovaQue* S' Frame, 1020; S pi lU Ileal Hanil- 
iKMik of I hr Ci»rti*^tovai: Ih'piabklf {la 0 tik.U S', PriflUE, 1020; and SIciTakia in the 
Llfrht flf StnIiJti l'h {In BnM, #% PrtgtlC, 1020. 
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amphitheater surrounded on nil a! dm by mountain* JlohWJo, StovaWn. tunl 
‘ til n-a mat bin in llnsstn, well proUV'H'i] by rnuuDmliut ]□ il lL . i.onli, are reliiilvetv 
O^'n tow-uni tin' south; but the wosu-m psirt ut $b>vnkia. la protected -..i tin* 
aide by the Danube. 

The territories are rich In mu anil rewiurec*, md Bohemia with Momvhi are 
^**“ y Jl! ^lopol 1,1 fnct 11. the limit, nL-rlcuItu rally. Northern 

sioi-nkhL nail noribmMvn, Hu*ilnta abound In t„ resi*. n £ ,( 1( . pap^^ ot 

Bohernla 41 ^ cent are Imtu* trial, re ... cent i.^-L.iuimi; i„ m«*v|b MB . 

dltloiiN itiv ahuui n-versed. The Slovaks am] Hu minion* urn „**, u .j : «lly aeri- 
culm ml ii ml po^mra] (CJ per nut agriculture!, uu |*r own industrial >. ' 

A. IIiuiuOka. 


AN1 [Ql ITT i>]■ MAN IN THE CSSECnoSLOTAK TERRITORIES. 

oli>eh cm.rvuvs OF chntkal bomemta. 

Various finds in the Czechoslovak territories relating to man’s 
antifjLiiiv show that mail existed In these countries already during 
the diluvial epoch, ocfitemporuneonsly with the formation of the 
deposits of yellow brick clays and certain gravels and while the 
fiumn still included the mammoth, the rhinoceros, the elk, the rein¬ 
deer, the wild horse, the cave bear, and the cave hyena. The climate 
Jit that time was colder than at present, the period corresponding tu 
Ulc iL-e invasion, when most of northern Europe was covered 

w ith glaciers. The mountains surrounding Bohemia were then also 
covered with ice and snow, but in the foothills and in the ice free 
interior there were li stations" of diluvial man, 

the most previous discoveries of remains of man from this period 
have been in ado in Moravia, in the vicinity of Brno (11 riiii), in eaves 
near St rum berk,-* and especially at Pre.lmotit, where Professors Kf££ 
Mid MiiSka made extensive excavations and important collections 
Bohemia itself has given us so far the diluvial remains of Podbaba 
(a fiknlh etc.) and of a number o£ other localities. The finds include 
the 1 miles of extinct mammals and many paleolithic implements, Tiie 
art of polishing stone or of making pottery was as vet unknown. But 
finds ill Bohemia itself have been thus far oil slightly more recent 
lh:m those of Moravia, dating from the period of recession <»f the 
iast ice invasion. In Moravia, on the other hand, we have remnants 
not merely from the period of the last ice invasion itself, but also 
older, such for example ns the SJpku lower jaw, and others. 

An interesting feature of cranial remains from the more recent 
periods is that some of them retain more or less the characteristics 
of tlm older diluvial (Neanderthal) forms, such as pronounced 
supm orbital ridges and sloping forehead, justifying the opinion 

Fttmiudatl'iji Of Cinch lelUrf; (*—a. rh | n d^j „ r ^trrj . i^Ls, ltl j” 
«h fTT : * J ‘ ft Fri Ulh f “ u ^. u, .. . 








474 ANNUAL BSPOKT SMITHSONIAN' ISSTtTCTtON, 1919. 

dint early man in Europe, including the Czechoslovak territories, 
did not completely die out, but left traces in the later population. 

These ancient strains represent the oldest, even though but a 
feeble root, of the people of these regions. 

NEOLITHIC POPULATIONS. 

If men in the Czechoslovak territories was scarce during the 
diluvial epoch, he was much more common there during the neo¬ 
lithic times. Meanwhile the climatic and environmental conditions 
had considerably changed; the diluvial fauna had become extinct; 
the reindeer receded to the far north. Man himself had advanced 
from the stage of a hunter to pastoral and agricultural life. His 
occupation, now bound him to the soil, and we find lib remains along 
rivers and other favorable locations both in Bohemia and Moravia, 
and even in parts farther east. Southernmost Bohemia, however, 
appears to have remained unsettled, which may be explained through 
its higher elevation, and hence colder climate with lesser fertility 
of soil, which characterizes this region to this day. 

The remains of a large number of neolithic settlements in Bohemia 
atul Moravia lead to the conclusion that the earlier part of the 
neolithic period was of long duration in these countries, fts begin¬ 
ning? in the Czechoslovak territories may be placed at os far as -PriO, 
possibly even 5rttX> to SOCK) 13. C. 

The neolithic culture was distinguished by numerous and char¬ 
acteristic stone implements, various implements and tools of bone 
and horn, and especially by pottery. Some of the pottery was 
decorated in various ways, and its characteristics help us to sub¬ 
divide the epoch into a number of secondary phases or periods. It 
is unknown whether the art of making pottery originated gradually 
in the later part of the diluvial epoch or whether it developed or 
was introduced into the territories in question during the neolithic 
times, but no pottery has hitherto been found except in connection 
with neolithic or later burials. 

Curiously, we do nut know us yet how the early neolithic popula¬ 
tion of Bohemia and its sister lands dealt with its dead, having thus 
far found no burials; but on the Rhine burials that may be attributed 
to a related stock hare been discovered, and it was found that the 
people io whom they belonged were of the dolichocephalic type, which 
was widely prevalent in Europe in the neolithic period. 

Approximately 2000 to 1500 B, C. there began to enter from, vari¬ 
ous directions into wbat are now tho Czechoslovak territories out¬ 
side influences, and with them came the first objects of metal— I mull 
copper axes amt bronze jewelry. The culture changed, forming a 
large * transitional ” period of a number of phases or localized 
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developments* The people of this period buried their dead in thn 
contracted or 4fc fetus-in-utcro " position* with the body lying on iu 
side* With the body were buried various mortuary offering par¬ 
ticularly pottery. T be multitude of objects known us a result from 
" 3 1 i:- period permits ns to recognize the influence on the population 
of south western* western, north western, and northern, besides 
-o Li 11 1 e m tin d :- on Hum- t e rn c ult u r i.m t The re was ev ii Jo a % tly a very f ree 
contact with the outside world* 

Derides cultural influences, however, there were also during this 
perioi I actual influxes of other people. It has ten found that skulls 
from burials showing objects of nor die culture ure dolichocephalie, 
while those of burials showing u strong influence of western cultures 
are brachycephalic, in addition to which there were mixed elements. 
The population assumed n consiikrahle heterogeneity. The preva¬ 
lent cranial type was probably the dolichocephalic, but accompanied, 
there are some reasons to believe* not with blond but rather dark heir 
and eyes. 

mi: DBDXEE CULTURE* 

On the basis of the final fci transitional ” neolithic period and under 
s he influence of additional contacts there next developed in the Czecho¬ 
slovak territories, approximately about 1300 B, C*, the "older bronze 
culture. * The body was buried in the contracted position, was sur¬ 
rounded by stones* and with it were placed various forms of pottery, 
nicely shaped and with characteristic decorations* In addition there 
are also bronze armlets and pins* bronze or gold rings and earrings, 
Hmt>er-bead necklace, characteristic bronze axes, and bronze daggers. 
Large burial grounds and a multitude of valuable burial offerings 
show that the people of this period lived in larger settlements* had 
trade relations with the north as well a.^ the south of Europe and 
enjoyed considerable prosperity. 

This older bronze culture* while extending be} T ond the borders of 
Bohemia, found its highest development in the center of that coun¬ 
try. The skeletal remains from this period show people of higher 
stature, which may perhaps l*c explained by generally better living 
conditions* The skulls are prevalently oblong (dolichocephalic) 
and elliptical, with more or less marked parietal prominence* The 
population may be regarded in the main as the residt of a fusion of 
the various ethnic elements of the transitional [jeriod. 

TIJK MOVNp CLLTCTtr OF SOUTHWESTERN nOHEHLA, 

The older bronz* culture IsRi^d according to the estimate of 
Czech archeologUrts up to the eighth centnry B. C, About that time 
the people uf Bohemia Lvecnine to the influence of two new 

oulaide ethnic element? which penetrated into the country on* from 
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the northeast and the other from the southwest, and which occupied 
parts of the territory. In southwestern Bohemia the new in vision 
gives rise to a special chanirterirtu; culture the remains of which 
are found in mounds {see figs. S-5). The burial is generally on 
the level of the ground* is surrounded by stones, and covered by a 
moderate sized earth mound. Occasionally In addition the mound 
itself is surrounded by a ring of atones. 

The older mounds yield objects of the advanced bronze period, 
such a a bronze swords and other weapons, typical long bronze pins, 
armlets, etc*; but in later burials there begin to appear also objects 
of iron [knives, arrow paints* etc.) and bronze objects character¬ 
istic of the younger bronze period. Finally, with the latest burials 
of this prolonged intrusive phase there are found objects of Homan 
derivation, such as coins and keys. The bodies of the mound builders 
were either cremated or butied as e whole; but even m the latter 
cases the boni s, due to the construction of the graves, are general]v in 



FEE. It,- A lu-i-llon -if n hi'Mjml, ptifliwUiir two oE«l t>iarla.E« mifivfl 3-,v i-J1 1 -n- uf fCoof. umi 
an LfUninJn? muru FPiuwrtfl&l InliTmfoL 


such poor preservation that it has not as yet lm possible to form a 
precise opinion concerning the physical dmmeteristics of the stock 
or tribe concerned. From the fact that mounds of this nature may 
be followed into Bavaria and farther on into Switzerland and 
France, we may judge that the physical type of the mound people in 
Bohemia resembled that of those regions, and there is sonic evidence 
to show that this was a dark -haired people, with rather a short skull. 
A gradual transition of the mound culture to the plain Slav vulture 
In southern Bohemia {sixth to seventh century ) indicates that the 
mound population was at leant partly preserved and assimilated into 
the later Slav people. 

Afiff-mar cemi TB& raa or k ort&xa amt s bohemia* 

While or even before the mound culture began to spread over 
southwestern Bohemia, the northeastern part of the country began 
to be overspread by another and larger ethnic stream, which oc- 
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cupied first of all the sparsely peopled northeastern portions of the 
territory, hut was soon overflowing across the more central regions* 
and which eventually T strengthened by new accretions, occupied all of 
Bohemia. The culture of this people is characterized in the first 
place by a special in tinner of disposing of the dead. The dead were 
cremated, the remains of the hones were deposited in urns* and these 
were interred in communal burial places which uni comm only known 
ns u urn fields 11 or ash'um cemeteries. Besides the ashes and charred 
bones, however, there were placed in the urns also burial offerings, 
such as jewels and even weapons; while about the urns were placed 

other pieces of 
pottery, so that 
the burial occa¬ 
sional 1 y resembles 
a nest of ceramics. 
The forms and 
decorations of the 
urns and offerings 
have their own 
eh a ruct eristics, 
anil with time 
show gradual 
changes, which 
permit us lo clas¬ 
sify tliis period 
into some second¬ 
ary phases that 
can be traced up¬ 
ward directly to 
the early historic 
cal Slavonic time. 

The influence of 
this new north- 
eastern culture ex¬ 
tended 

trel Bohemia wim- 
out evidently displacing tin; older population, for there are instances 
when* side by side with cremation we find also the surviving habit of 
contracted burial. 

Due to universal crMruition among these early Slav people, their 
physical type has not as yet been definitely determined; hut some re¬ 
mains «f bones indicate that they were of moderate stature and prob¬ 
ably of light eyes an ! light brown hair, resembling the nkl Slav [wp- 
u lotions of Lusatsa am) .Silesia. regions from which the influx Q c- 
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rar- n-iLuc lla tkxej as d the non ax i-eeiods. 

From the second century B. C. to the first century A. D.. the cen¬ 
tral parts of Bohemia suffered a temporary invasion from the west by 
still another Gallic tribe, a physically strong and generally advanced 
stock, whose culture may lie traced westward as far as the drainage 
areas of the Marne and Seine Rivera. They were evidently warlike 
people of Keltic derivation anil their skeletal remains show prev¬ 
alently a tall stature with mixed cranial type (about one-third 
brachycephalic). They were bearers of the La Tine culture, traces 
of which extend as far as Moravia, Poland, and even Slovakia. They 
formed settlements in Bohemia which were of some duration. 

The La Tine culture in its latter phases 1 n>gins to show contact 
with Homan culture, and toward the end the marks of such a coated 
are numerous. Finally there are even burials showing exclusively 
Homan culture, but found only singly and dispersed* 

Notwithstanding these new influences, the Slav inode of cremation 
of the dead extended gradually over the entire country, displacing the 
Other methods. The mortuary offerings of the first to sixth centu¬ 
ries show considerable development in metal objects with Roman 
influence. As cremation was then universal, we have no adequate 
data on the physical qualities of the people during this period, but 
there was doubtless a considerable diversity. During these times 
still other tribes entered Bohemia. Otic (, f these, to whom we ascribe 
the so-called ‘‘Merovingian burials” was evidently n Germanic tribe, 
while the others were additional Slavonic groups* 

The Merovingian graves (sixth to seventh century, A* D*> are 
thinly dispersed over the northwestern districts of Bohemia, and it 
is possible that they belong essentially to Franc traders, with indi¬ 
vidual women who may have married into the country* The graves 
show extended skeletons with dolichocephalic skulls. The mortuary 
offerings include, besides characteristic pottery, iron weapons, gla&i 
heads, and in female graves considerable characteristic jewelry, with 
glass-bead necklaces, bone combs, etc. Contemporaneous with the 
Merovingian gravis is sn extension of Slavonic graves over all south- 
era Bohemia. 

hibtgrio rEJiioix 

Tlit? above period passes ilirecily intu the historic CscecH peritub 
the period of the Bohemian dukes, and shortly after are noticeable 
the influences of Christianity. Cremation burials with mortuary 
offerings diminish, to he replaced by ordinary interment.;: but tin- 
extended bodies are still buried with the head toward the west Riid 
feet toward the east, as if to look toward the east. The grave is 
occasionally surrounded or covered by stones, Inter by posts or boa rds, 
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and finally the dead were buried in simple qimelri la ter &1 wooden coffins. 
For a long time, however, the old customs wore still manifested by 
Lhe inclusion in the grave of clay or wooden vessels* evidently con¬ 
tainers of food and drink for the laM journey of the departed. In 
addition there is found, especially in female and childrens graves, 
considerable jewelry. and eventuidly also Bohemian silver coins 
(tenth to twelfth century)* 

The reverence toward older burials of other peoples* the cure 
shown in the burials of children and habiea, the latter of whom 
frequently accompany the mother's body, and other signs are wit¬ 
nesses of the gentleness; and advanced status of the people of this 
period. 

The skeletons of this lime show relatively high stature. The skulk, 
though already historically identified as Slavonic, are at ill in the 
majority of cases dolichocephalic or but mesocephulic, and only ns 
we advance toward our period the 'proportion of short-headed ness 
shows a material increase. In general the skeletal remains indicate 
that the Czech population of that time arose by the mixture of 
the more recently arrived with the remnants of the older peoples 
that occupied the territory. Then the Slav remains become suddenly 
sn numerous and widespread that we are evidently confronted by 
recent new additions of Slavic tribus, among whom in ail probability 
was also Lhe tribe of “Czechs” from whom was derived the present 
name of the people as well as the country, M Cechy.” The latest 
inf]isv of Slavic tribes is placed by the historians Into the fifth cen¬ 
tury and is still alive in Czech trad it ions, in which the name 
“Cecil v is represented as that of the “father” or chief of tins 
tribe at the time of their advent into the more central part of Bo¬ 
hemia, which has ever since remained their -seat of occupation. 

THE FKJUU- Ot‘ MuBaTIA. A* AXP SLOVAKIA* 

In the preceding paragraphs attention has hern centered mi Bo¬ 
hemia, In the remaining territories of the present Czechoslovak 
territories ethnic developments proceeded in much the same manner. 
There is a lack of the monad culture in Moravia and Slovakia* and 
hence of the first Keltic invasion, but the La Tone culture, rep re 
sealing the second Keltic stream, is partly represented, Merovingian 
graves are even scarcer in Moravia than in Bohemia and are limited 
to a small district in the south. 

Silesia, although well peopled already in the neolithic period, is 
especially characterized by its urn field burials, hence by Slav 
population. 

From Slovakia wo have finds from the earlier neolithic, and from 
the late neolithic transitional period; eventually the whole territory 
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becomes covered by the tint field culture of tho Slavs* A few spots 
of the La Time culture are known, however, even from this country, 

PEDPCTTON3. 

The above brief review of the results of modem archeological and 
anthropological research in the lands of the present Czechoslovak 
Republic leads to the following deductions: 

Those territories have !>een peopled uninterruptedly since at least 
the early neolithic period* notwithstanding the influence and re¬ 
peated invasions of outride peoples* The culture changed from time 
to time* but we may always oli^erve the transitional changes from 
the older to the newer conditions, showing that there was no actual 
interruption. But the influx of various ethnic elements resulted in 
the gradual formation of a mixed people* composed of remnants of 
the old elements, os well ns of the more recent comers. Due to the 
preponderant eventual influence of the Slav tribes, this population 
enters the historical arena as the Czechoslovak people, but the physical 
characteristics of tins people show fur long and even to this day their 
rather heterogeneous origin and admixture. 

Taking Bohemia alone we find that archeologically and in rough 
lines the country is divided into three large areas. (See fig. L) 

The central area was evidently peopled first and uninterruptedly 
from diluvial times. This area saw the development and passing of 
practically nil the cultures of the country, though it was not influenced 
by all in the same degree* 

The second area* the southwest* hut sparsely peopled in early times, 
later remains long in the hold of the Keltic mound people* who 
eventually fuse with the Slavonic arrivals. 

The third area* the northeast* also but sparsely peopled in the 
earlier times* Incomes later the home of a people whose remains are 
deposited in the grem&thm urn-burial fields. This is Lhe old Slav 
territory, the people of which with new additions from their sources 
farther northeast eventually prevail over all the country and give 
it its subset|uent marked character. 

In Moravia we have no mounds* and we may only recognise, outside 
of the diluvial and the neolithic periods* the northern Sin vie uni- 
field area and a southern portion with cultural diversity. Slovakia 
resembles Moravia* except perhaps in respect of the diluvial epoch* 
hut a great deal of research remains to ho made in this country that 
for so long w us blighted by the Magyar domination. Of Kusslnia 
we know ns yet but very little arc biologically. 

AiiriiixiWKjr vs r mmciiKT. 

Meager early historical accounts apeak of the Beni ns the oldest 
inhabitants of Bohemia* and of the Kotin I as those of Moravia. Both 
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were Keltic tribes belonging to a slock of people which extended all 
over what is now south Germany and over Switzerland into France. 

It was formerly supposed that the Keltic Boil and after them the 
Germanic Markoumnni occupied nil Bohemia; but Xiederle has 
shown on the basis of both historical and archeological evidence 
that the settlements of the Boil were restricted to the southwestern 
part of the tcmloryt and, judging from the archeological evidence* he 
ascribes to these people the mounds of southwestern Bohemia. These 
mounds agree closely with those of Bavaria and may be traced west¬ 
ward from that region. A historical note that in the year 111 lb C. 
the Germanic Cimbry* in their advance eastward from the Rhine, 
were at the foot of the Bohemian forest repulsed by the Boii, indi¬ 
cates the power of this tribe. But already before the first half of 
the first century A + D, their domination in Bohemia was at an end* 
Thb decline is possibly connected with the defeat which they had 
suffered from the Dacian chief Ilurvista anti their subsequent con¬ 
centration along the Danube, rather than with the advance into 
their territory of the Markomanni as represented by some historians* 

The archeological finds, as already indicated, lead us to the con¬ 
clusion that besides the Boil another Keltic tribe had readied 
the Bohemian territory in its more central parts* namely* the La 
Tine people. On the other bund, no graves or sites have ns yet 
been found which could be attribute!I to the Germanic Markomanns 
and Kvmdes (Moravia)* tribes which are mentioned by early histo¬ 
rians, The Markomanni are supposed to have been led into Bo¬ 
hemia by Marabnd eight or nine years B, (_\ 7 but their d pm fruition* 
if such it was, seems to have been of u [political rather than cultural 
nature, and they left no settlements or burials that could thus far 
be identified. The power of Mnrohud was doubtless built largely 
on the peoples he controlled* which explains the sudden loss of ini- 
jHirtance of the Markomanni after his defeat. The very seat of 
Martibud bus not as yet l>cen positively traced in Bohemia, all of 
which points to the ephemeral nature of the Markpinami occupation. 

no: hlavic tutues. 

We have seen that on one hand both the archeological evidence 
and the enriy historical account a indicate survivals in the country 
of remnants of the older populations and their eventual fusion with 
the Czech people. On the other hand, history as well as archeology 
has come to the conclusion that Slav tribes penetrated into the 
territories of the present Cxechnatovakin long before the first men¬ 
tion in history of the Czech tribe* According to all evidence they 
were the people of the urn-field burials. These urn fields extend 
northeastward into territory which was the cradle of the Slavs: 
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tliuii' culture passes gradual Jy into the historic Slavonic culture; 
tin- 1 pre-Christian historic Slavs of threw territories used cremation 
as their universal system of burial; and,linutiy, there is no Erientifie 
possibility of attributing the urn-field burials with their remains 
either to Keltic or Germanic tribes. 

The rich archeological evidence renders possible the following 
estimates as to the coming of the Slavic tribes: 

(1) Penetration of Slavs, with Lusatian culture, into northeastern 
Ekdtemia, ;md thereafter toward the center of the country, approxi¬ 
mately UHX) to 800 B. C. 

{^) Extension of these tribes over central Bohemia, their mixing 
then, 1 ! with the older population, ami their development of a modified 
culture, about 800 to €00 B. C. 

{3) Their numerical augmentation in northeastern Bohemia—5(10 
to 300 B. C. 

14) Their gradual extension over the whole country—about 300 
B, C. to the beginning of our ora. 

(5) A fusion of the preponderant Slav population with the rem¬ 
nants of the Keltic tribes—first to fifth centuries A, D. 

(G) The addition of still other Slav bodies, one of which was the 
strong Czech tribe that eventually gave its name to thu people of the 
country—fifth to sixth centuries A, D, 

Tiie curliest known Czech historian, Kosmns (b. 1045), had no 
idea that Bohemia had ever been occupied by any except the Hlav 
people; but Kcsmass accounts show that even to his time there 
were over different parts of the Bohemian territories different related 
Slav tribes, with the Czechs occupying the center of the country. 
One to foreatntion of large intervening tracts of territory and their 
different admixtures as well as contacts, these tri1>es developed certain 
cultural differences, truces of which, with truces of dialectical nature, 
exist in the Czechoslovak lands to this day, A series of the names 
of these late tribes hug been preserved, but in the course of time the 
population bus become so intermixed and fused that the names tn-duv 
are little more than memories. Nevertheless, anthropological exami¬ 
nation of the people from different parts of the Czcchslovak terri¬ 
tories dmws certain differences of type, which are doubtless connected 
with these earlier subdivisions and different admixtures of the people. 

(See fig. G.) 

The Slav tribes of Bohemia extended in historic times well beyond 
the boundaries of the country toward the south of the Danube, and in 
a southwestern direction into Bavaria (regio fifavornm of that 
country). These overflows later became (1 erm an bed, 

From the twelfth rcntiiry onward, a gradual German colonization, 
favored for political reasons by some of the earlier Bohemian kings, 
135731*— 2L -32 
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und later by erctita, took piece on the western and northern nut- 
skirts of Bohemia, with some penetration into the interior. This 
aii-aiints for the present Gertnun population of the Republic, and 
for some recent German admixture. 

In Moravia ihe knowledge *«r e lie curlier Slav tribes is more ob¬ 
scure; but there tire several large old groups whose territorial ills- 
tribute, with dialectic and other differences, have been better pre¬ 
sum'd to date than thosse of the tribes in Bohemia, 

The southeastern part of Moravia and the subcnrpnthian territory 
toward the east* i* occupied by the Slovaks. External influences which 
this tribe has suffered in the course o! its existence have produced a 
certain amount of dialectic and cultural differences; nevertheless 
everything shows (heir common origin with the rest of the Slav tribes 
of the Czechoslovak territories. 

OOKCLTTSION* 

From the data here briefly given it b seen that the mots of the 
present Czechoslovak people are multiple, as in the case of prac¬ 
tically all other now existing branches of the white rnee, and that 
some of them reach into hazy antwjmiy. Besides a little of the 
ancient blood, there a Keltic and to some extent niso a Germanic or 
Nordic infusion* 

Mixtures of this nature, where the racial differences are not ex¬ 
treme, represent :ns it rule favorable biological n~s well as cultural 
conditions, and this with the intense struggle for existence imposed 
upon them by their geogrtiphical location* accounts doubtless for 
the hirtoricnl prowess and acknowledged capabilities of the Czecho¬ 
slovak people. 

A few note may Ijc added o incoming the physical tshameteri^ies 
of the present Czechoslovaks: 

The general average stature of the adult males is 169 centimeter^ 
of miidt females 137 eeutimeter^ The head of good size and 
generally brachyeephalic* The latter feature, as we have seen, is 
of historic development without any recent heterogeneous immigra¬ 
tion* The brains, even in proportion to stature, show very favor¬ 
able pm portions A In pigmentation (color of eyes and hair) the 
people range from blonds to brunettes with prejHJitdcranve of the 
latter* f in the whole* physically os well as mentally, they represent 
a sound stock and one of favorable appearance* 

*Sw unanje WfLiSnurh (A->, K^rpcruii-Mnegr-qi mKhlMl^tr Mrnruihcn f&amcA, 
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GEOGRAPHIC EDUCATION IN AMERICA. 


By Amr Fkmry Rriuhah. 


The evolution of geography mi the west side of the Atlantic Ocean 
tins, like every other great movement, lieen a cont inuous proi ess. But 
we may for convenience say that about 3d years ago a new epoch 
began. Influences already at work came, in a somewhat accelerated 
manner, into fruition, until at the close of the period, the Great War 
has brought to geographic investigation and geographic leaching 
unexpected emphasis and a new array of problems. 

In 1SQ0 the National Geographic Society bad been organised for 
two years and had published a few bulletins. The American Geo¬ 
graphical Society had then, pursued its work for nearly W years. It 
was domiciled in a downtown house, which with its narrow and 
elongated moms and brqwnstone front seemed to he an old home of 
some well-to-do New York family. Its venerable and courteous sec¬ 
retary was on duty, almost a solitary worker, it would seem, con¬ 
serving the books and periodicals that came to hand, and guiding to 
their use the rather rare inquirer who broke the solitude. A modest 
bulletin was published live times a year and occasional lectures were 
offered to the public. 

The elementary textbooks of previous years abounded in definitions 
and in the routine of place geography but dealt little with the causal 
relations and the great network of facts and principles in which men 
are hound to the earth and tn each other. The first textlionk of 
physical geography which fully recognised the modern viewpoints 
of physiography was to appear in the following decade. 

Very little instruction in geography ns such was given in American 
colleges and universities. Harvard and Princeton had offered 1 
courses in geography before 18C0 T Wisconsin, Cornell, and Yale Uni¬ 
versities introduced the subject in a limited way about 10 years later, 
but It gained no real place in the university consciousness. In 1000 
only 12 of mir higher schools w ere teaching geography, and this was 
mainly of the physical sort, and under the wing of geology. 

1 iirQtTApbf In A cirri an 4 ml Ear opt UJ Calf entiles. It. IJ. WhlttH'i-K, Ji»of. CJrpc 
XVIII, 13H-l41 t April, It) 113, 






AX5TUAL REPORT SMITHSONIAN IXSTITOTlOJC, HUB. 


The mapping of the national domain in an adequate and detailed 
mu finer was well started, but less than 360,000 square mites bad then 
been covered by surveys for this purpose, New York had then con¬ 
toured maps covering little more than 1,000 miles of surface, and the 
great States of Illinois and Wisconsin were, as regards maps, in u 
backward condition. 


The conditions us thus rehearsed do not mean that there wen? nu 
advances in American geograpb)' prior to the year 1890. In the realm 
of regional knowledge, the geological and natural history surveys of 
2sew \ ork and other States Imd been long assembling geographic 
data of many kinds. Ten years before this ditto the fugitive and 
fragmentary organizations for the study of our national domain hud 
been succeeded by the United States Geological Survey. In that 
•Sincy, Powell, Gilbert, Dutton, and others laid broad and deep the 
foundations of American physiography. 

For a period of 20 years, under the directorship of M*j. J, W, 
Powell and Dr* Charles D, W a loot t, the annual reports of the Sur¬ 
vey included a series of scientific essays, which were geographical 
as well as geological in their scope* —extended papers written in non- 
technical style, papers which may be regarded as classics of earth 
m truce. Among these essays were the following: Dottou’s Hawaiian 
1 olconofe and the Charleston Earthquake; Gilbert's Topographic 
Features of Lake Shores; Chamberlins Artesian Wells, Terminal 
Moraine of the Second Glacial Epoch, and other glacial papers; 
Russell's Glaciers of the United States; Shuler's Essays on Sgrnout 
Swamps, llurbors, I resli-water Morasses and Soils, and liis regional 
accounts of Mount Dwert, Capo Ann, Cape Cod, and Martha's 
Vineyard. 

There was also growing, 30 and 20 years ago, an important geo¬ 
graphic literature in hydrography and irrigation ns embodied in 
various publications of the Geological Survey. 

A review of the field nt the present time shows marked progress 
along several lines. In the early nineties the famous report of the 
Committee of Ten to the Xation.il Educational Association marked 
& new era in secondary and elementary geography. The subcom¬ 
mittee for geography contained some of our most eminent students 
of earth science and n group of texts embodying their reeommS! 
tions soon found entrance into the schools. The result was an over- 
emphasis upon physical geography, from which in rerent years there 
Ms l« . sanction, but the impel,,, (jiven ration.) ’ , . 
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resources* as irwlJ ns the rektiojig of human groups to each other. 
T1 hib t geography hns to a considerable extent become bown as a 
social study, though it may be surmised that those who put most 
emphasis upon this aspect of it are those who have the least ajiprti- 
eifition of physical geography and of the great field of geographic 
influence and human responses. 

Geography now has u constantly enlarging place in our universi¬ 
ties and colleges. In the year 1910-11, taking24 American universi¬ 
ties, the enrollment of students in geographic courses was 3,986. In 
the year 1916-17 the number had risen to 9,8n7. the University of 
Pennsylvania having over 2,000 and the University of Wisconsin 
more than 1,060, In the same academic year the courses offered in 
single universities ranged from 1 to 19. The latter number of geo¬ 
graphic courses was offered by the University of Chicago, Columbia 
offering 10, Wisconsin IS, Nebraska 15, Harvard 14, California 11, 
and Pennsylvania and Yale each 10, At least » of the higher institu¬ 
tions in the State of New York ore now regularly offering u more 
or less extended outfit of courses in geography. 

More than 30 phases or regions an? represented in the titles of the 
courses offered. Among these are physical, commercial, climatic, 
mathematical, cartographic, agricultural, political, educational, tmd 
conservedonal phases, geographic influence, and the general princi¬ 
ples of the subject. In addition there ore courses upon the United 
States, upon single States, upon several of the continents and upon 
tho oceans. One course is offered in the great and fascinating field 
of urban geography. Advanced degrees in geography have Wen 
given by the following universities: California, Chicago, Columbia, 
Harvard, Cornell, Missouri, Nebraska, North Dakota, Princeton. 
Wisconsin, and Yale. Other schools that offer somewhat extended 
opportunities in geography are Minnesota, Michigan, Washington 
(State). Wellesley, Oberlin, Iowa. Illinois, mid Coigate. 

First in order of time and most widespread in university instruc¬ 
tion to-day is the physiographic content of geography. There is 
now, however, an important growth on the side of rmnmercial 
geography’. This phase, not Jong ago, and still in some minds, re¬ 
garded ns oil a level with bookkeeping and typewriting in the 
shorter ami more elementary courses of business schools, has for 
some years been coming into secondary schools ns n rational subject 
and tt substantial discipline, It is now tubing its place as an ad¬ 
vanced subject in colleges and universities, and is an important part 
of the curriculum in schools of business administration, ns in Har¬ 
vard, Columbia, and Pennsylvania. 

Geographic societies have had much to do with recent advances 
in geography. The National Geographic Society, from its small 
beginnings a third of a century ago, has grown to vast sim* and com- 
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mantling influence* With its membership fur beyond a half mil¬ 
lion ,. its large funds and its brilliantly illustrated marine, it brings 
geographic information to the attention of perhaps some millions 
of people each year* In addition it Lias subsidized and directed ex¬ 
ploratory research in Severn] parts of the world, including Alaska* 
South America, and the Polar regions. 

In the period named the American Gcograplikal Society has 
twice removed to new homes to fit its expanding work. Its library 
lias been rapidly built up, its map collection enlarged, and its pub¬ 
lications extended and enriched* It has become a center of geo¬ 
graphic influence for the Western Hemisphere mild has adopted 
elaliorate plans for its future work. On a less extended scale similar 
progress has been made by the geographic societies of Philadelphia 
mid Chicago. 

In lfRJ4 the Association of American Geographers formally began 
its work with a program of papers given at its meeting in Phila¬ 
delphia* Here was founded, it is believed t the only geographic 
society in the world which adheres to standards of expert member¬ 
ship. Its objects have, combined research and educational advance* 
and much of the new' interest in geographic subjects, in the whole 
range of geographic education, is due either directly or indirectly to 
its activities* 

The membership of this association is little more than 100, but it 
includes most of the professional geographers of America* their affili¬ 
ations in various degrees relating them to the geographic aspects of 
geology, the biological sciences* climatology, nnd agriculture on the 
one hand, and to history, economics, sociology, and statistical studies 
on the other. 

Out of tills association lias developed* since 1&14, die National 
Council of Geography Teachers, which has now organized State 
councils in a majority of the States and is an effective force iu pro¬ 
moting geographic advancement in tha elementary and secondary 
schools of tlie entire country. 

Coordinated with die National Council is the publication known 
m the Journal of Geography. This periodical, founded by Prof* 
Richard E. Dodge at Columbia University, in IRft'7, and token over at 
ii later period by Prof. R. IT. Whitbeck, of the University of Wiscon¬ 
sin* h^ recently been published by the American Geographical 
Society of New York under the editorship of Director Ixaudi Bow¬ 
man, For several years it has been affiliated with tins National 
Council, and it is soon to become their specific organ under the 
direction of Prof. George J. Miller* of Mankato, Minn*, the secre¬ 
tary of the council. For 23 years this journal Lias been a powerful 
force in American geographic teaching. 


fiECtirtvFHJC kB|l('ATI OK—BKUi!tAM, 


491 


Thus by gradual processes have come into being effective and 
powerful means for promoting geography in tills country and rais¬ 
ing it to the level of efficiency which it has reached in some of ibe 
countries of Europe* We liavu tlie Geological Survey, the Depart¬ 
ment of Agriculture, the Department uf Commerce, and other or¬ 
ganizations of Government supplying day by day and year by year 
vast stores of geographic information. We have several mature 
societies engaged in research and in reaching intelligent readers and 
citizens everywhere. We have growing interest ami effective agen¬ 
cies at work in elementary education, and it may at last l>c said 
that the need of geography k now so fully realized in our universi¬ 
ties that the demand for qualified teachers exceeds the supply. 

Thus forward movements in geographic education have been in 
progress for many years. But none could hive foreseen Lhc wide¬ 
spread and profound awakening to geographic facts and principles 
that was to come with the recent War of Nations. 

u If we glance at each of the great continents of the g!oi>e we see 
how truly the war ta called a World War* Of Europe's approxi¬ 
mately 4$GO,GOQ square miles of territory, seven-eightlis was di¬ 
rectly involved in lhe conflict. For Africa the fraction is larger, 
32 out of 33 parts having been in belligerency. Asia, with her 
17,000,000 square mile*, shows twenty-four twenty-fifths of her terri¬ 
tory involved in the conflict, while Australia was completely in the 
throes of war. Turning to North America, we shall find that four- 
fifths of her area of nearly 10,000,00(1 square miles is occupied by 
two of the great countries that were in the struggle. Only about 
one-half of South America remained nominally neuiniL Summing 
it all up* of the 53,000,0^11 square miles and more of territory mak¬ 
ing up the land of the entire globe, exclusive of Antarctica, more than 
45,000,000 square miles belong in the belligerent nations, and the 
remaining few million were more or Jess profoundly a IFecteiL 
14 The extent of the war and of woe Id changes may be seen if we 
glance at the map of Africa* If Germany hod won, she would have 
taken possession of the Belgian Congo and of adjacent British and 
French colonies on the smith and north, making u solid block of 
German sovereignty across equatorial Africa from the Atlantic to 
rhe Indian Ocean. AVlmt the extent of her aggressions in North 
Africa from Gibraltar to Suez would have been we can not say, hut 
that it would have been large there can Ijo no doubt. As it i% how¬ 
ever, Germany is excluded from Africa, and both British and French 
possessions arc enormously enlarged. Furthermore, the great ob- 
btncle has two removed to the con struct ion of the On pe-to-Cairo 
E nil way. That obstacle was a thousand miles of German lerritoiy 
in East Africa, 
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u Germany's profoundest aggressions and her largest hopes wen? 
involved in her project for n Middle Europe. This meant, to begin 
with, the actual subjugation of seaports in southern England, tb* 
destruction of Franco as an industrial nation by the acquisition of 
her supply of coal and iron in the north and of every industry on 
her Belgian border, the subjugation of Belgium, the ultimate over¬ 
running of Holland! and the free use of the great corridor route 
down the Danube through Austria-Hungary. Bulgaria* and Turkey 
to Constantinople* Syria, and the Persian Gulf, It meant that the 
entire Old World, the great IuthI moss of three continents, was to be 
bisected m its very vital*. It meant ultimately the destruction of the 
British Empire and the throttling of India, which would be left in a 
state of anarchy or under the German heel. It meant ultimate ag¬ 
gressions in China, commercial nr political sovereignty of Smith 
America, and, in the not distant future* German vengeance upon 
North America,”’ 

Geographic conditions have in all ages influenced the conduct of 
war nnd controlled strategic plans and tactical operations. Never 
before, however, has a great number of geographical and geological 
experts attended upon armies at the front or supplied in such ample 
measure the data for determining the outlines of countries nnd the 
terms of peace, On every front, English, French, American* Ger¬ 
man, and Olliers, students of earth science were pitted ngainsL each 
other in studying natural resources and supplies, lines of communi¬ 
cation, drainage, the location of divides, the forms nf valleys and 
escarpments the fluctuation of streams, the soli, subsoil* and bed¬ 
rock, the position of water table* climatological conditions* etc.* 
Military geography, it may be said, is of intent to social Iota in 
war* hut the changed in political geography and economic relations 
following upon the war have made this branch of knowledge vital to 
every citizen of the world. 

The war lias given geography a fresh and unwonted interest in 
America* because, we have gained a new sense of the significance and 
permanence of international relations. This is true* whatever forms 
these relations assume, whether of expanded trade* remits of arbitra¬ 
tion, or any kind of niibciation to promote jKHice and justice. The 
principle involved lias been elsewhere set forth by die writer. 4 

<+ The war has vividly exhibited the financial inter dependence 
nf nil nations. American consuls in foreign cities have for rears 
protested against the failure to provide American hanking and 
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credit facilities in regions where trade w m desired and they harp 
decried the American sloth which did not Icam foreign languages 
and acquaint itsel f with alien needs and tastes. The war has started 
a new eni in American relations to the rest of the world. Our 
money, our food* our technical skill, and our manufactured prod¬ 
ucts will be wanted everywhere. The American traveler will no 
longer look longingly but in vain to find the American flag in ports 
across the seas, A world league if it is to he and whatever it may 
be, will involve relations of coni muni rat inn and transportation, of 
production and manufacture, and of markets and economic depend¬ 
ence. The eh a meter of populations, their distribution and move, 
ments, mean a world of close and neighborly fellowship, the only 
alternative to friction and bloodshed. Geography offers much of the 
knowledge and will soften prejudice* reveal and avert our difficul¬ 
ties* and direct onr progress*” 

In the National Research Council geography now has its ap¬ 
pointed representatives organised in affiliation with the geological 
representatives of earth science. We have already noted the fact 
that the National Geographic Society ha a supported field research 
in several important fields* Within n few months tho American 
f Tflngr&phieal Society has made a significant departure from previous 
policy in the decision to adopt henceforth as its chief work the 
study of Latin America, Upon the model of the Boyal Geographical 
Society In taking Africa, for example, ns a special field, it is deemed 
worthy and appropriate for the senior geograph Sen I society of 
America to devote its money and its expert knowledge to the south¬ 
ern lands of the Western Hemisphere. 

As the passage just cited intimates, geographic knowledge has be¬ 
come a new factor in the conduct of business. Conditions of produc¬ 
tion and manufacture, of transportation, market and sale, the world 
over, require for their balancing, both intensive and extensive famil¬ 
iarity with the facts and principles of geography, and In every phase 
of geography, physical and human. Here JS a haly of knowledge 
thut is not supplied by history, or economics, or by any branch of 
physical science. Geography in its program has added the higher 
to the lower realms of education and must attempt a comprehensive 
study of earth ami man, a problem vast and baffling anti at the same 
time mandatory and inspiring* 

Apparently as a result of the patent efficiency of geographers in 
(he .Shipping Board, the IVar Trade Board, and other Government 
organizations, it is now not uncommon for large concern* to employ 
geographical experts to solve the problems and answer the difficult 
questions Involved in world trade. Resources, climate, distances, 
routes, racial traits, and local tastes are all here Involved. 
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It is therefore apparent that not only in the schools but in the field 
of business as well, geography is now recognized as belonging in the 
field of research. It has outlived the stubborn prejudice that there 
was nothing in it beyond a purely elementary discipline. 

As geography is enriched with new and rational material, geo* 
graphical discovery is taking on a new meaning. Much that is even 
now on tiie map with a fair degree of accuracy must be rediscovered 
and so interpreted as to lead to real knowledge of it and the highest 
uses of it. 

While some ancients, notably Strabo, had penetrating notions as 
to the origin and meaning of features of physical geography, we are 
most interested to know now how far Herodotus, fur example, and 
Eratosthenes and Strabo and Ptolemy knew the world of their time 
in Europe, Asia, and Africa. So in the era of modern exploration* 
from Prince Henry to Columbus, Magellan, Cnpt. Cook, Livingston, 
Richthofen, Lewis and Clarke. Peary, Scott, and Amundsen—they 
taught Us in the sphere of quantity—it was expansive geography in 
large part, with quality and substance as incidental elements. Now 
we seek intensive geography; quality is the main thing, and relations 
are paramount. We interrogate relief, climate, vegetation, animal 
life, fruits, grains, minerals, and soils as they are used by man or 
might be used by man. 

We seek for causes and effects; in other words, we demand to know 
what the geographic influences are, both for the intellectual satisfac¬ 
tion of knowing and for the concrete purpose of conforming life to 
conditions with the least waste anti the most profit. 

Related to this new aspect of discovery and study of regions is n 
new and serious intellectual equipment for travel Most men have 
lraveled very much as one goes 20 miles to market, or ns a child wan¬ 
ders in the field on a vacation day. Th* rather aimless pastime of 
chasing butterflies, gathering chestnuts, or picking wild berries is 
well, but the mature traveler must now do more. He must take much 
with him, that he may bring back more. The “White Cattle” and 
the H Dogs Palace" may suffice the new rich to hare seen on the 
plains of the Po and in Venice, hut the real traveler win absorb and 
bring bark Italy as a unit of environment, shaping a human group 
in its ways and works for two or three millenniums. 

Ruch work will not of necessity be done formally or pedantically, 
or be shaped by dry rule, but by a trained geographic vision which 
knows mountain and plain, climate and soils, product* at ,d people, 
a spirit that asks and in some measure secs why things! nrf . tls 
they are. 

Some measure of this intensive and causal knowledge of nations 
and of the world is needed by all and is highly important to all 
public teachers and to all who arc, or who aspire to Income states- 
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men. Not a few costly errors have been made during recant settle¬ 
ments and in the wars and diplomacy of centuries because public 
men wens ignorant of geography* 

Those who are to be statesmen can not f in general, be selected 
while young and trained for their careers- At least in a democracy, 
public officials may come from any class and any home. Statesmen 
will in the Jong run l>e made out of the material in our schools and 
their course will in turn be shaped by public opinion. If the public 
IB ignorant of the world, their action w ill l>e haphazard, based on 
ignorance and on desire for party advantage. We are facing 
economic readjustments which have to do with the resources* the 
tranBporintioii, the taste*, and the industrial conditions of every 
country in the world. We would not debar our diplomats from 
training in politics or from the experience and graces of the drawing 
mom, but we would give them knowledge and a consequent sense of 
teing at home in the lands to which they are accredited- Such train¬ 
ing is to a large degree in the sphere of geographic education- 

In brief summary wo may say that down to the year 1350 geo¬ 
graphic textbooks in America were of the gore tear type, valuable 
as stores of information but having small value in education. Dur¬ 
ing the following 40 years the atlas type of geography prevailed, 
placing thus a new' value upon the use of maps, and locational geo¬ 
graphy was in the forefront and marked by excess of emphasis. The 
period however, shared in the impulse that came with the emergence 
of the doctrine of evolution and was enriched by the anthropo- 
geographic studies of the Germans and the French and by the rise 
of scientific physiography in America, liapid progress* however, as 
shown in geographic education and geographic research, goes back 
in the main through the 30-yeur period to which reference has been 
made- 

The next 30 years will go far to achieve the growth and realize the 
aims that will round out n eeatmy since gazeteer geography held the 
field. Geography will* we believe, become a cardinal theme in ele¬ 
mentary and secondary teaching, that our youth may l*e fitted to 
live in a world of nature, of resources, of races and nations- Them 
is, perhaps, no other subject which so well pictures what that world is 
and so effectively links together and utilizes the combined harvest of 
the natural and the social sricnces- 

Qut of such perfected geographic training will come not only 
effective intelligence for citizenship but the training of experts for 
commercial undertakings, for military necessities, for consular and 
diplomatic work* and for the intensive study of new or little-known 
regions. 

Along with strong development in education front lowest to high¬ 
est will proceed the perfecting of our maps, those summaries of 
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geographic education which may lie made to espies visually the 
relief, the resources, the industries* the distribution of jseople, and 
almost every phase of human activity in arty imd every part of the 
earth, 

So far ns expression can set forth the facts and principles of man 
and die earth* the finished product of .geography will more and more 
lie found in thoroughly attractive and informing descriptions of 
regions. We have had, and must always hare, various types of de¬ 
scription, the gazeteer* the guide hook, the encyclopedia article, the 
popular Dotes of the unprofessional traveler, and the special or tech¬ 
nical report. All these* however, should contribute to and* in turn* 
In? enriched by regional descriptions which nre scientifically accurate, 
orients without being too technical, expected in good literary form, 
and giving balanced, interesting; and useful know lodge for the man 
of business, diplomacy, or pleasure, who needs to know the particular 
region. Even travelers see but a small part of the world, they 
deal in samples and they must exhibit and exchange their wares in 
order that anyone may know the earth widely. 

The world’s stock of geographic knowledge has lioeii gathered 
through multitudinous agencies through the centuries. Commerce, 
war, love of stdventure, thirst for knowledge, immigration to new 
lands for a fresh ex]ierimcnt in living—all have hud their part It 
remain* for geographic education to order tins muy of material, 
develop geographic principles, and help toward a letter use of the 
earth and its gifts. 


PROGRESS IN NATIONAL LAND RECLAMATION IN THE 
UNITED STATES. 1 


By C. .L Ilrnim, 

Kttffinftr, V, fS, Rrriiuiintfan (fdrvic-o. 


I With |ft pinle«. 1 

The full importance of tmtional irrigation can not l*e measured 
in dollars and cents. Jn the building of new C'ommoiiwenjtlu; in the 
arid West the Government is utilizing largely its own undeveloped 
resources. It is creating opportunities for its citizens to establish 
themselves in permanent homes in which patriotism, loyalty, and 
civic pride are bred and fostered. The primary purpose of the 
Heel am at ion Act was to create homes, and this purpose 1ms liecn ful¬ 
filled richly and abundantly. Viewed from this standpoint, no one 
can deny that national reclamation has omplv justified all its expo* 
nents declared for it* 

Since I DOS the Reclamation Service has constructed the irrigation 
ay stem to supply completely ] r TSO^OQO acres of land* Also* the 
capacious storage reservoirs of tlie Government arc furnishing a 
supplementuI supply of stored water to 1 /XMfyKJO additional acres 
in other projects* or a grand total of S^TSO/XJO acres. 

On the Government project lands are 4OJDG0 families in in depend- 
cut homes. The population in cities, towns, and villages in these 
Government projects has been increased by an equal number of 
families. That is to say., on the 1,780,000 aem reclaimed there are 
now profitably employed and satisfactorily housed 400/MXl people 
The arguments for increasing and making permanent the STotion^s 
virility, prosperity, and growth by creating more homes of this kind 
were never more forcible and unanswerable than just now. Ameri¬ 
can people van not rightly claim to have measured up to their 
opportunity until the deserts of the West and the unused agricul¬ 
tural lands of the balance of the Nation have been replaced by vistas 
of prosperous farmsteads. 

* mi* artlflt !■ In omllartltli'n *f paper* prininil Sn Ui* Sml e hyalin tvptifla for iOOl* 
E>p 40T jo 423; ipna, pp £27 Ui 8ii ; ira-i,. pp. at a to asi; iBOtf, pp. iflo to 402 ■ unit, 
pp.. Ul la 313; 1&J.U, pp r to M; 1U15> pp. iff? to 4Sfi, all of whlfh ifr mt of print. 
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Measured by the yardstick of the financier—the dollar—the results 
of the Heel a mat ion Service activities are interesting 

As a creator of weafih 7 its service to the Nation and the State has 
been as great as in its principal task of home making. Out of the 
uninhabited and almost worthless desert it has caned an empire of 
nearly 2,000,000 acres intensively cultivated, and producing crops 
whose annua! average gross returns per acre are about double those 
for the rest of the country. 

Since the first Government ditch began turning its waters upon 
the land, in 1905, the crops produced on the reclaimed lands have 
had a total value of mure than $25O t i)00,OCKh The present annual 
crop returns are now nearly $90,000,000* nut including ihe value of 
crops grown on ibe* million acres outside of projects which are sup¬ 
plied with stored water* 

The increase in land values has been enormous. In 1902, the 
beginning of Government irrigation, the average value of the desert 
lands in the projects did not exceed $10 per acre. The total value, 
therefore, of the 1,780,000 acres in Government projects did not 
exceed $17,800,000* 

Government irrigation has increased the value of the project lands 
S2CM) per acre* or a total of $856,000,000* It has increased the value 
of the 1,000*000 acres in other projects by $100 per acre, or $100*000,' 
000, The increase in the value of land in the cities, towns* and 
villages within projects is easily $100*000*000, or a total increase in 
land values of $556,000,000, due to this work. 

In connection with the above summary no conrideration has been 
given to 1,138,000 acres of land included in Government projects 
which will be irrigated when the engineering works are complete], 
the present market price of which has increased at least $50 per acre 
by reason of this fact. 

The increase in the price received for State lands included in the 
projects and now mostly disposed of was at least $8,000,000 of direct 
revenue derived by the States. 

Dividing the acreage reclaimed—1,780,'W0— into the net cost of 
the works of $122,645,«X> t we have a cost of approximately ?00 per 
acre for the lands in reclamation projects to which the Government 
can now deliver water. This cost, however, includes the cost of 
serving stored water to about 1,000,0ft) acres of land under the 
Warren Act. If these lands lw included, the average expenditure 
per acre benefited is less than S4fi per acre, and this cost includes 
largo s tflr *P* * 0rks :ini1 useful for future reclamation on 

projects now being completed, the utilization of which will further 
reduce these figures of cost* 
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ADVANTAGES OF tKRIOATTON FARMING. 

Agriculture in the arid region where irrigation h feasible has 
several important advantages over that in the humid region. The 
soils of the arid region by the nature of the cose hove gene rally nut 
been leached of their mineral plant foods as have those in the humid 
region T and they are therefore much richer In this respect on the 
average and are seldom or never acid, as are soils in the humid 
region* This quality has the disiulvantage at times of leaving the 
arid lands charged with hurtful alkalis, which seldom remain in 
the soil of the humid region on account of their solubility, hut 
where the injurious salts do not predominate the general principle 
of abundance nf mineral plant food obtains and constitutes a distinct 
advantage over the soils of humid regions. 

There is much advantage In being able to apply water to growing 
crops nt just the time anti in just the quantity needed and to withhold 
it at will. ^Vhere the water supply is ample this constitutes a very 
import nut advantage in arid regions. 

Another striking advantage is the preponderance of clear days in 
an arid region, where the absence of rainy and cloudy weather affords 
a much larger percentage of sunshine than U found in humid re- 
gions. As sunlight b one of the most important essentials of healthy 
plant growth, this advantage is quite important. 

Resulting from these advantages* it appears that the average gross 
product of agricultural crops on reclamation projects is just about 
double the average yield from nonirrigated lands in the country at 
large. The larger product obtainable per acre from irrigated lands 
justifies and permit* a more careful and intensive cultivation, which 
with a favorable climate and controllable water supply, yields more 
certain results than the same cure in the humid region. 

Tliis means that as much product can be obtained from a 40-acre 
tract under irrigation from the average 80-acre tract in Lhe humid 
region* Tliis, of course, requires more labor per acre, but much less 
labor in proportion to product. It jsermits and encourages intensive 
cultivation anti smaller holdings and consequent greater centraliza¬ 
tion of population. The result is that the isolation of country' life is 
to a largo extent eliminated, as the irrigating farmer will have fully 
twice HH many neighbors within u given radius as his prototype in 
the humid region. The social advantages thus obtained react upon 
the character of the people and of the communities and other rondi- 
tions charnel eristic of irrigated regions have a similar effect. 

Cooperation with his neighbors is forced upon the irrigator because 
it is usually impracticable for him Lp irrigate his land without such 
cooperation, ihe feasible irrigation projects usually being in tracts 
of many thousands of acres accommodating thousands of families 
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and {living rise to towns, villages, and characteristic civilizations of 
their own. This condition stimulates the civic conscience and atten¬ 
tion to public affairs of common interest, so that the local govern* 
merits that grow up under such conditions are usually of a superior 
order and cent rolled by a superior intelligence on the part uf the 
population living thereunder, 

ARE PfcOJfcCT &TTLEBS FKU,M A N EFT t 

In order to determine to what decree settlement on reclamation 
project is permanent, an investigation was made in 1919 of a num¬ 
ber of representative projects: 

Five of the projects selected for investigation, namely, Huntley, 
Minidoka, North Platte, Shoshone, and U pint ilia, were thought to 
have experienced unusually trying conditions for the settlers, and 
otic*—Boise—was thought to have 1 quite favorable, letters were 
&mt to the project managers of these six projects asking the number 
of original settlers stilt in possession and the number of transfers 
made by other settlers, together with any proper explanations# 

Although the figures are probably not infallible, they arc as nearly 
correct ns possible. The margin of error is doubtless small in tiny 
case* The chance for greatest variation is in the number given for 
total farm unite, because these arc constantly changing and subdi¬ 
viding, 

Oim of the projects—Minidoka—was also checked up by consult¬ 
ing the tract Ixioks in the General Land Office in Washington. 

Following is it tabulation from the reports received: 
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A difference will be noted bo tween the total number of farm unite 
for each project and the total number as listed in the annual reports 
of the Reclamation Service. The figure* given above exdude farms 
on private and Stale land inside the projects and farm units which 
have not been entered upon, except in tlie case of X or th Platic which 
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are divided as follows: Hublic-lnnd units, DB2; private-land units. 
State J*nd unite, 47, The numbers sire taken from special re¬ 
ports of the project managers and are therefore as recent and as 
nearly accurate as possible. 

From the figures quoted, it is computed that the average number 
of settlers: to a farm unit on the Boise project, where conditions were 
favorable, was i.l+, or slightly mure than one—truly a remarkable 
showing when it is considered that farms in general often go 
through many changes in ownership: and only 1.68 on the Minidoka 
project, where conditions were adverse. 

Opponents to homestead and reclamation nets have argued that 
many settlers take up their farms merely for speculation, Although 
no effort lias been made to learn the changes on reclamation proj¬ 
ects after title had Iw&ti obtained, requite indicate slight changes dur¬ 
ing the time of proving up* 

Before the end of the period required for residence, settlers may 
relinquish their right and for money consideration pn^ on (he farm 
unit This can safely be done only when the relinquishment paper is 
filed simultaneously with another entry. Any sueh transact ions may 
come under the notice of the project office if the settlors are known 
personalty. Giving up an entry' does nut by any means indicate 
that the entryman has failed to make good on lus Farm, it tony 
show quite the contrary—that he bus succeeded so well he h able m 
sell out his improved farm for a good figure. This kind of specu¬ 
lation can hardly tie avoided. 

The first few years of the Kecfimintion Service wane the most 
severe for the project settlers. Water was not available at this time, 
and under the law sett lei's could not be prevented from taking up 
land which mhihi nut receive water for years. Having seen hnw 
often It worked hardship for settlers to struggle along until waiter 
was ready, the .service secured the passage of u law which prohib¬ 
ited the entering of farm units until the irrigating system h in op¬ 
eration, resulting nuquestionably in even greater permanence of set- 
tiers on projects opened under these renditions* 

The investigation has shown conclusively in connect Ion with Fed¬ 
eral projects that there is not the slightest basis for the statement 
so often and so loosely made that 14 throughout the newer parts of 
America at least three settlers in succession attempt to develop a 
farm before one succeeds.” 

tsfifOATEON ricoom^s. 

During the pasl year the operation of the Government tinder the 
various reclamation laws has continued in develop the resources of 
the projects undertaken, as shown by the gradual increase hi the 
1^573*—21-33 
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arou far which the service can supply water, the increase in areas 
actually irrigated and cropped, and the increase in (he value of crop 
produced. This progressive increase is shown in the following table, 
which gives statistics only for those areas covered by crop census, 
excluding practically all those additiona I areas which are served from 
the works of the Reclamation Service under Warren Act contracts 
and from which, crop statistics were not obtainable* It is estimated 
that, including these areas, the crop value in 1019 amounted to 
$150,000)000 or over. 
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The JStflthiliCfc* given in the above table do not, however, tell the 
whole stoiy. The easy terms of repayment granted by the Govern¬ 
ment rand the high prices received for their products have combined 
with the other favorable conditions and with the industry of the 
people to produce n condition of prosperity beyond the indications 
of the bare statistics. 

Xo new projects have been undertaken within the past year, as 
there have been no funds available for this purpose. The gradual 
decline in the receipts from Lhe sales ol public lands, due largely 
to the wholesale disposal of these lands under the operation of the 
010-acre homestead act, has naturally greatly restricted the opera¬ 
tions under the reclamation act. The small payments provided by 
law from the irrigated lands have kept the returns from the con¬ 
structed projects to a low point. It is now necessary, under the 
provisions of existing law, to set aside $1,000*000 per annum from 
these receipts to repay the advances to the reclamation fund which 
were provided by the act of 1910, known as the 4t bond loan,” It has 
been possible on this account only slightly to extend the irrigated 
area by some extension of canal systems and to take care of water¬ 
logged conditions as they have arisen on some of the projects. 

OOXHTBUCnoJf RESULTS. 

In spite of the adverse labor conditions and the absence of oppor¬ 
tunity for the undertaking of new projects, it is noteworthy that 
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(luring die fiscal year 1019 the amount of excavation accomplished 
by the Reclamation Service totaled nearly 14,1)00,000 cubic yards, 
and 575 miles of canals and drains were constructed, Reservoir 
capacity on idl projects totals 0,400,000 acre-feet. The following 
table gives n brief summary of the construction work accomplished 
by the Reclamation Service in the 17 years of its existence: 



RECLAMATION L’ADJECT OPERATIONS. 

The Salt River project in Arizona is being operated by the local 
organization of water users under a contract by which the Secretary 
of the Interior on November 1, 1017, turned over the works and the 
income of the large power plants constructed in connection with the 
proj'eet. It is in a prosperous condition, and the income from power 
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a. good deal mure than pays the court ruction charges. The Crovern- 
nifflt connection with this project is confined to occasional in*i«w* 
tion and super vision, as provided in the contract. The ground 
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water is rising on this project find will requite early attention in 
order to prevent injury to a considerable area of land. This bos been 
investigated by the water users' association, which is alive to the 
problem and will doubt less take newRsary action. 
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Plate 3. 
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Plate 4 
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<hi the Yuniii project, A rizonii- Cali forma, the I mini \ alloy, 
which lies in Arizona, has been placed under public notice, but the 
pajmeftte have ken contested by the water users’ association. The 
Yuma Valley is exceedingly prosperous. having a gross yield for 
the year lhlfl of $1^1 per acre, exclusive of livestock increase, 
A successful sale was held in Ducetnlwr, U)1U, of a portion oi 
the knds on the Yuniu Mesa, which will Ikj irrigated under the provi¬ 
sions of a special act of Congress, with water pumped from the main 
canal south of the city of Yuma, A contract has been executed with 
the Imperial irrigation district to connect its system with Laguna 
Darn and provide Letter security for its water supply. 

The Or land project in California is regarded as the first unit of a 
comprehendve project for the development of the Sacramento \ al¬ 
ley, It, however, stands alone as a self-supporting project, with an 
ample water supply from Stony Crook, :t tributary of Sncraniento 
It Ivor, and has been practically completed. Public notice on this 
project was issued in 101U, and nil. payments are made promptly 
when they fall due by the association us a whole, I hus all the nn- 
noynn.ee, expense, and risk of delinquency are voluntarily shouldered 
|,v the water users 1 association, which has shown a commendable 
spirit of cooperation from the first. The project is prosperous and 
constantly growing in development. The only construction work in 
progress is a small amount of permanent canal lining, which was pro¬ 
vided for in tho current public notice, ami which b necessary for 
checking the seepage from the canals constructed in coarse material. 

Tho Grand Valley project in Colorado m delivering water to a 
portion of the knd which lieu: been opened to entry and occupied by 
settlers. The agricultural operations are gradually extending rtnd 
remits arc encouraging. Tin* physical conditions in this valley are 
difficult on neconnt of the seamy slink which ooctus cm the canal 
system and which hits required u large amount of maintenance and 
interment work to render the canals tight. Aside from these diffi¬ 
culties the works arc operating in a very satisfactory manner, 

The Uncom pfchgre project, Colorado, is iieing operated by the 
United .States under contract with the water users’ association upon 
the payment of the cost of such operation by the association. The 
contract provides that tha operation may lie turned over to the water 
users’ OBteciatina whenever they so elect, and this is being consum¬ 
mated, 'S'lie existing contract prorides for the operation at cost for 
a period of five years, at the end of which period the project is to bo 
opened under public notice unless further intension is ramie by the 
Secretary of the Interior. At that time, according to the contract, 
the construction repayments will begin. The construction b£ the 
project is completed so fur as the plans of the < erument have been 
made, but the distribution systems, which remain in the hands of the 
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irrigators* arc very Ufifittisftctorj and should be enlarged and irn- 
proved. The cultivation of the lands b gradually {^Lending and 
slow improvement is being made in the use of water* which is very 
waste fully applied tu the lands. Efforts are being matte to introduce 
the rotation system and to charge fur water on an acre-foot basis, 
which will be necessary before early practice in the economy of water 
can lie hoped for. The excesare application of water is manifested 
by a rising water table and the destruction of the fertility of some 
of the land* Agriculture in general is successful, and the settlers are 
prosperous* 

The Boise project in Idaho includes the Arrow rock and Deer Fiat 
Reservoirs, which have been completed, and a canal system, which 
now delivers water to the main body of the project. Contemplated 
extensions will Ik? made gradually to conform to better practices 
regarding the use of water which is sufficient for irrigating ubiuit 
■40*000 additional acres uf land if used with reasonable economy. 
Public not tec was isued in 1017 announcing the charges cm the eowi~ 
plated portion of the project, but the water usens brought suit to 
cwupt! a portion of the repayment, and this has been tried in the 
United States court, A preliminary opinion has been handed down 
by the court, which holds that the full cost of the project vuust t*e 
paid by the beneiiciaries, but withholds decision upon several [Joints 
of detail. 

In addition to the main project, the United States* under 11 special 
contracts, delivers storage water to about lfrO t OOQ acres of lands that 
are served by independent systems. The current year liu^ been one 
of exceptional drouth, and it was preceded also by a very dry year* 
It is the general opinion, as expressed by the water Users and the 
local press* that the benefits the post season frum the atonig® works 
constructed by the Ooreoiinent have been greater than the total cost 
of those works in the inert- used product upon the hi cub Served by 
stored water which would have been without water except for these 
works. The project as a whole lb very productive and successful. 

The Minidoka project in Idaho as originally planned has been 
completed, but several extensions are possible and desirable. The 
project Is in two portions—that which la served with irrigation water 
by gravity has been formed into an irrigation district which operates 
the canal system serving it under contract with the United States; 
the pumping unit on the south side of the river is operated by the 
United States. The results of irrigation in this region are very 
striking and exceptionally successful* 

The Huntley project in Montana is practically completed, and is 
one of the most successful and thicldy settled projects of the service* 
Drainage work is in progress and some enlargement of a portion of 
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tlie delivery system is also being made- Construction paxmentii 
upon the lands served are being regularly made. 

In the Milk Eiver Valley. Mont., water is being delivered through 
ji canal lending from St. Mary River, which diverts that river just, 
below St. Mary Lake. By a treaty arrangement with Canada the 
waters of the St. Mary sire divided on an agreed basis, and this water 
is Irfdng used very completely. The rerent demand for irrigation 
water, on account of the excessive dryness of successive seasons, has 
been ^reutcr than ever before. The water is all used on a rental 
basis, parity through the works of the service and portly delivered 
to canal systems of private or cooperative companies. 

On the Sun River project. Montana, the original unit on the south 
side of Sun Hirer is being oj>erated as usual, tin the north side of 
the river, where many of the settlers were attempting to secure title 
to thrir homesteads without the liability for irrigation water which 
is included in their filing papers, a series of three dry years in sue- 
ression has shown that dry farming is not profitable and lias revived 
the demand for irrigation water. Difficulties with tlie canal sys¬ 
tems have been encountered on account of the unfavorable material 
with which they were constructed, but it is possible this year to de¬ 
liver water to about 25,01 K) urres, and a considerable portion of this 
is being served on a rental basis 

The Lower Yellowstone project, in Montana and North Dakota, bus 
been operated for years on a rental basis, with only a small fraction 
of the lands irrigated. The neighboring lands have Iwen for years 
farmed without irrigation, and though the returns from dry farming 
have always been less than under irrigation, the temptation to avoid 
the expense of water service has been so great that the project has 
not yet been placed on a paying basis. A series of dry years, how¬ 
ever, has increased the demand for water, and steps have been taken 
to form an irrigation district and arrange for permanent water 
rights for the lands to be included. Appropriate laws have Ivon 
passed by both States and the prospect is good for the success of the 
project. Tlie demand for water of this project has been more than 
twice as great this year as in any previous year, and good crop* are 
reported. 

The North Platte project, in Nebraska ami Wyoming, is one of the 
largest as well as one of the most successful of the reclamation proj¬ 
ects. The Interstate unit, on the north side of the river, most of 
which is under public notice, is largely under cultivation, and Im¬ 
provement is steadily extending. Drainage is bring constructed anti 
considerable areas arc yet to be relieved. On the smith side of the 
river the main or Fort Laramie Canal and its lateral system are 
under construction and water is being delivered under rental con- 
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tracts. This is the region of moat rapid development of anything 
in the service. 

The Xcwlands (formerly Track*-Corson) project, in Nevada, has 
been somewhat held back in past years cm account of dill lenities in the 
way of forming an irrigation district ty provide funds for neoessonr 
druinrtife uork, Iteeeut State legislation Ims relieved ditise difficult 
ties and the irrigation district recently formed has taken up the 
drainage situation energetically. Another difficulty has been the 
luck of storage for tlie lands on the upper part of the system, but 
legal a ml otli^v obstacles have in^n thrown in the way of a proper 
regulation of Luke Tahoe, the only available reservoir site of const* 
queues whirli can serve this region. The main ennuis for using 
water have been built, but storage works are still necessary. Pend¬ 
ing (.heir development, no further extension is feasible. 

The Carlsbad project m New Mexico is gradually increasing its 
cultivated area, and is in a prosperous condition. Some drainage [a 
Ktdl tu be accomplished, but the water supply is ample and results 
are satisfiiutury* 

The Rio Grand*project in Now Mexico and Terns is being operated 
on a rental basis. Nearly one-half of the land is in cultivation and is 
being served by storage water from the Elephant Butte Ifoservoir. 
The flat topography of the valley, the ]Wiar fineness of the soil 
and the very wasteful use of water m the past have brought up the 
worer table over most of the valley and much of the land has been 
injured. An extensive drainage system is being installed and is sue- 

*1 fT'f'i ItS however, is gnm% 

hampred by the lack of augment funds. The lateral svstem which 
him born Ojwrated for many years by the local association of irrUra- 
tors m very inmlnquato and indent, and the water is wastefolly 
u.^ . At the instance of the water usera tho various works are bring 
gradually turned over to the Government and are be in- rebuilt inf 
put in rh.pr fur ^t *™™. ThU n il, 

,r..t. ninp uomlitim, u( th. r, S iu» wutor table umi i. necrpuciry tar 
the success of the drainage system planned. The pro**™ n r, m * +? 
lita. I... bora uuaatfal„ tar. but „rv or,ensile * " 

Tin* N'onh Dakota pumping projuri, which inis M b ceri 
for several years owing to failure of the lands benefited n, !!? “ 

ment therefor, has been formed into an irrigation dktri,* | U W ‘ 
tract made with the Secretary of the Interim- nssurin» 5 * ^ * C ? a ‘ 
and the payment for the cost thereof. It was owrefit ^ ®P etatlcm 
results that under the conditions existing may 1 * J^red 

The TTmatiiln project in Oregon has alwriw* lu,*„ t n 
fog sand and in some restricted locality by an extrerntlyl^^ 
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soil which allows the rapid escape of irrigation water amt! the leach¬ 
ing of soil. These difficulties are being overcome to some extent, and 
progress in cultivation is steady and encouraging. Urgent requests 
have been made for the Government to enlarge the project by taking 
overcome of the private canals which have insufficient water supply 
and construe ting a reservoir to serve them. This can not he under¬ 
taken without additional funds. 

The Klamath project in Oregon and California is being gradually 
extended as the waters of Tide Lake recede owing to the diversion of 
the supply through the Government works. Drainage works are in 
progress and have been successful so far as constructed. The irri¬ 
gated land is productive and the sett lei's generally prosperous. 

The Belle Fonrche project in South Dakota is growing in produc¬ 
tion and prosperity. In some localities the water table is rising and 
drainage works should be installed, hot arrangements have not yet 
been made for the repayment of the cost. .V small amount of the land 
under the feed canal and not served from the Owl Creek Reservoir 
sutlers from water shortage in some years, and plans are under way 
for providing a small storage reservoir to serve these hinds* 

On the Strawberry Valley project m Utah the principal work con¬ 
structed by the Govern1 1 Lent is a storage reservoir in Strawberry 
Valley on the headwaters of the Duchesne Ri ver and the diversion of 
its waters through a long tunnel to the westward dope of the 
Wasatch Range t where the water is diverted from the Spanish Fork 
River and an irrigation system constructed* This system te being 
operated by the irrigators under special contract, and payments of 
construction charges are being regularly made. In many iiLstances 
canal systems already in existence are being operated by associations 
which have made arrangements for storage water from the Straw¬ 
berry Valley Reservoir and are ope rating their own canal systems* 
There are still some water rights in the Strawberry Reservoir for 
sale. 

Three extremely dry years—1917, 1918, and 1919—throughout n 
large portion of the West have broken all records for drought, and 
thousands of live stock and many private Irrigation projects have 
suffered for lack of water. Dry farming bos generally been a failure 
throughout these regions. 

The Reclamation Service experienced serious water shortage on 
one project—the Okanogan project in northern Washington—in 
1918, and while there was some shortage also in 1939 it was not so 
great, Pumping plants were installed at Salmon Lake and Duck 
Lake to supplement the storage reservoirs, which did not entirely 
ML The additional pumping capacity and the enlargmeut of the 
reservoir hold-over capacity ure the remedies being carried out. 
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Tlie 1 damn project in Washington includes a large system of 
storage reservoirs and two canal systems, known as the .Sunnyside 
unit and the Tie ton unit. The project ns a whole is very productive 
and prosperous, and strong pressure b being made to secure the con¬ 
struction of more storage, the extension of existing canal systems, 
tirul tlie construction of new canals from the Yakima River ami its 
tributaries, '('he excellent results obtained show that this would Inc 
a wise development. The Yakima project as u ivholc is one of the 
foremost in general prosperity and in returning the cost of this 
construction, 

The Shoshone project in Wyoming is being gradually extended by 
additions to the canal and lateral systems on the north side of the 
Shoshone River, The drainage system, which has been largely com¬ 
pleted and hits been very successful, is also bring extended tinder 
contract with the water users in accordance with law. The lamb 
are very productive and the project very prosperous. Preparations 
are being made for the construction of un additional unit on the 
south ride of Use Shoshone River, for which ample storage capacity 
has been provided in the Shoshone Reservoir. 

The value of the agricultural products exclusive of live Stock pro¬ 
duced by the Government reclamation projects during the season of 
1919, amounting to nearly $S9,000,000, bus Iseen over half of the net 
cost of construct ion of all of the projects during the last 17 Tears. 
On some of the* projects the production has exceeded the total con¬ 
struction cost, The results in the extension of agriculture and of 
homemaking have justified the expectations of the advocates qf this 
activity and argue strongly for its extension, 

GROSS. 


All agricultural statistics are now dominated by the effects of the 
World War, and tins is strikingly shown by a comparison of the 
table of irrigation and crop results presented herewith for 1919 with 
that for 1914 published In the Smithsonian Report for 1015 ( p 4731 
For nil projects the crop report for 1919 shows a gross value of 
§$9,000,1)00, or an average of $SQ for each of the 1,113,000 acres 
cropped. Alfalfa continues ns the great basic crop, occupying 3 a 
PCT rent of the crop urea and furnishing nearly one-third „f Uie f oLul 
crop value. Cotton, while grown on only the four southernmost 
projects, brought in return* of over JMjMQpQO in 1910, The follow 
ing table presents statistic relating u, crop production as collected 
by Government employee* the RecWaiion Service projects FW 
ures for crops from over L.Ow.wj acres qf on pril ,^ ‘ 
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supplied with stored water from reservoirs wnstnirtwl by the Kecla- 
rn itiun Service show crops valued at $fH,O00,0UO more. 
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INVESTIGATION t)£ 6Y/AMI' AND 0TJT-OVEH LANDS. 

In the appropriation fur the United States Sodamatiou Service 
for the fiscal year 19 ID* the Ucipgretfi made the following provision 
fur the investigation of swamp and cut-over lunde: 

For an Itivc-sI Emit Eon to he mnJe by ihi* Director of the neclnnMitton Bervlee 
r-f tin? riM'Umwtton by dnUtepfe of lantlB Mitjclifr existing m'lumnttwn projects 
will vt tli^ rt^LimiuUnii mul im-ptrutum for rultlvnilim of tilt-over UmtMtrlmkls 
to any of Hip |tvl« of tt» Fnlit^] State*. InclmlSiu! iiersonjiL SErvIcon to tins 
DLitrlct of Columbia nnt} tdacwhorc, pitrthuse, phi rntenuniv, repair, h\t\\ and 
operation of DHitortprapHloA or tiorsiHlmivti passenger vehicles, ami for *11 
Other rapraiK*, tlwre Im rii-proprlaE^I. out of any nullity In tin- TmiHLiry wot 
otherwise appropriated* (HKUM30. 

In undertaking this investigation, tho work fell naturally into 
three ill visions, one comprising tho -States north of the Ohio'River 
anti east of the Mi^tmri, another indndini; the Southern States, and 
a third taking in the States lying partly or wholly west of the hun¬ 
dredth meridian. 

Any daBsifiration of the swamp and cut-over lands of the country 
must la* exceedingly rough and general, ns, owing to the nature of 
the case, two different authorities, however careful and ,-kiHful, will 
probably differ widely in results if these are independently obtained. 
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TUis is due to the difficulty of setting my definite bounds* to any class 
which nmy be adopted, owing to the following reason: 

Lajuls needing drainage can not be absolutely delimited owing to 
the varying necessities of drainage at different times of year and in 
different years owing to change of season and mutations of climate* 
The area h afco constantly changing by improvement of natural out¬ 
lets or the construction of artificial drains, and where the ground 
water stands too high for mm character of production it may lie 
suitable fur another* Where the ground water is too high for success¬ 
ful agriculture in a wet year it may in a dry year fur the same reason 
be superior to other lauds in the vicinity with low water table. 

Many areas of cut-over lands also require drainage, and to be nmde 
agricultural must be not only drained but cleared of brush arid 
stumps, Large a reus of cut-over lands nru too rough or too rocky 
fur agriculture and should be allowed to reforest themselves: bat 
opinions will differ on this point* and nay useful classification must 
take these facta into consideration. 

Cut-over lends ore even more difficult to define than those need¬ 
ing drainage. The majority of existing forests have nt some rime 
ur other been cut over, sad often the land has been actually in culti¬ 
vation and practically denuded of trees* The abandonment of fields 
or the neglect of the eist-over sums permits the growth of young 
timber, which is sometimes useful and sometimes of little value. 
Thus, by one definition, any lam! that has ever been timbered and 
cleared may bo regarded as cut-over land, although in a high state of 
cultivation. This is obviously not the usual or accepted meaning 
uf the term* If the fields have been abandoned and young brush has 
started up, it may m some cases be reduced to cultivation again at 
moderate expense any time in the first few years, but this excuse 
may increase ns the timber grows and clearing becomes more ex¬ 
pansive. After the lapse of 60 or GO years the timber may become 
merchantable and the land, although strictly speaking it has been 
“ cm over,-- requires extensive clearing to reduce it to cultivation, and 
my be similar in its essential characteristics to the virgin forest 

inicre the merchantable timber has been cut, leaving stumps, 
young brush, and small trees, it constitutes a typical case of what is 
know n ns cut-over land, but as time passes Uic young trees grow to 
merchantable the stumps gradually decay, and in time tins bad 
ceases to he cut-over ” Inml 

Tt is thus obvious that different authorities, however careful or skill¬ 
ful, may di ffer widely in their reports of the actual areas of wet and 
cut-over lands and still more widely when attempt m made to classif y 
these as agricultural anil nonagricultursL For tills reason* any sta¬ 
tistics on this subject must be regarded with allow sure, and should 
have the term used carefully defined for specific tables. 
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The distribution of root rtima hie agricultural land is very Irregular 
and erratic. The Lake Slates* the southern Atlantic', and the Gulf 
States contain vasL areas of lands requiring drainage and also tim¬ 
ber lands, the majority of which have been at some time or other cut 
over and a large proportion of which would be suitable for agricul¬ 
ture if properly cleared. It by no means follows that all of such lands 
should tie now or eventually devoted to agriculture. 

in many places the swamps and overflow lands serve useful pur¬ 
poses as reservoir sites to diminish the volume and intensity of the 
floods of the drainage basins in which they occur, and each one should 
be carefully considered as to the advisability of continuing its serv¬ 
ices and improving its efficiency for these functions. The regulation 
of streams IS important from many points of view. If our streams 
could he made to flow with comparative regularity instead of in great 
flood waves, it would terminate destructive floods that cause such 
havoc and loss of 1 i fe. To accomplish this we must carry out gigantic 
projects, such ils those in the Miami conservancy district in Ohio, 
designed mainly or exclusively to moderate the freshets and regulate 
the flow of the streams. 

The feasibility of such works depends largely upon the existence 
of suitable reservoir sites. 

A good reservoir site is in several respects a topographic rarity, 
ft must ordinarily have a suitably located basin, with a sufficient 
watershed idwve, which can bo closed and formed into a reservoir 
by a feasible dam of moderate cost which will form a reservoir of 
largo capacity in order that its usefulness may be commensurate 
with its cost. Where such favorable reservoir sites exist they may 
ba of great value and may constitute the key to the feasibility of 
river regulation, and if reclaimed for agriculture and built up with 
towns, villages, railroads, and other improvements, their cost soon 
becomes prohibitive, and the only feasible opportunity of river regu¬ 
lation may thus be destroyed. Every scheme for the drainage and 
reclamation of swamps and low-lying river bottoms should therefore 
bo carefully considered in its relation in the country at large, and 
especially that below on the streams to which its waters are trilm- 
rary, and if the proposed reclamation will in fact destroy a rood 
and useful reservoir site, it should not only be avoided bat pre¬ 
cautions should be taken to prevent the accumulation of improve¬ 
ment* which will become obstructions to its utilisation for storage 
purposes. This principle is far more important than usually real¬ 
ized. because we ire apt to overlook the need, the rarity, and the 
essential characteristics of feasible reservoir sites. 

Similar precautions are necessary in examining areas of timber 
or cut-over lands with re fen? m e to the wisdom of clearing and de¬ 
voting them to agriculture. Some lands are so hilly and rocky as 
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to be unstated to agriculture, although they may be fairly well 
adapted to forest growth, and these obviously should be devoted to 
that purpose; but, though this seems obvious when stated, it should 
be remembered that the principle has been often and extensively vio¬ 
lated. A considerable part of the allseed u abandoned r farm lands 
in the New England States are lands that should never have been 
cleared, os they arc more suitable for forest growth than for agri¬ 
culture, and their abandonment has been simply the recognition of 
their appropriate use, 

The existence of rocks ami bills is not by any means the only bar 
to the suitability of such lands for agriculture. The soil may be in 
some cases unsuitable for various reasons without expensive modifi™- 
tioii or application of expensive additions. 

kveu where the soil and topography are highly suitable for agri¬ 
culture it by no means follows that it would be wise to dear'the 
cut-over lands and devote them to that purpose. There may bo other 
areas in the vicinity just as favorably conditioned where flic cost of 
I ft. la mat ion would tie less or where the timber that must be removed 
is less valuable ami different tracts should hence be considered in 
the light of their suitability for agriculture in locution, topography, 
soil, and climate, and also the character of growth which clearing 
would remove in order that the most valuable timber steads may be 
allowed to mature. 

We should never forget that we will always need forests on. I wood 
lota to complete the prosperous community, and it is just ns im¬ 
portant to consider and provide for this need in the xuost efficient 
ami economical manner as it is to provide for any other community 
needs. In view of the above it is obvious that only u small fraction 
of the forested ureas which are seen on the general map could be 
wisely reduced to cultivation at the present time, or even within 
the next generation. By a wise and skilful discrimination we must 
select those areas requiring the least expenditure and least desfrue- 
tion to reduce them to cultivation, and mart leave uninjured and 
adequately protected the areas needed for water storage and those 
most suitable for forest production. This still leaves an ample 
choice in the States mentioned for all of the reclamation that is likely 
to be carried Out within the next generation, although the rules 
upon which selection is made must obviously be modified from time 
to time. 

arct^iuATioN or ktclkcth> fabms. 

In some of the States where little or no opportunity exists for 
Urn reclamation of arid, wet, or cut-over hinds there tire still u |>< la _ 
dant opportunities for development which involves reclamation of 
other kinds. Many areas exist which have been cultivated and for 
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liu-k of proper treatment have become bo nearly barren os to be 
coins birred exhausted and unprofitable for agriculture, urn! are wholly 
or partly abandoned. Some of these hove Improved by the interval 
of mmculLiviitiou. but the major portion require the addition of 
some of the elements of plant food or the elimination of deleterious 
qualities by proper treatment. 

The majority of eastern soils, for example, arc more or less arid 
and require the application of lime or other antidotes to neutralize 
the acidity. They generally require also the mid it ion of nitrogen, 
which can be accomplished by the proper growth of legumes to be 
incorporated with the soil by plowing under. Some also require 
the addition of phosphates or of potash, and the cases are numerous 
where such reclamation as that described is as appropriate and as 
profitable ns reclamation of other kinds m other regions. In some 
cases large areas have been gradually concentrated in single owner¬ 
ships, and the system of tenantry which lias followed does not pro¬ 
duce the best results but leads to the neglect and deterioration of 
the soil until its cultivation yields little profit. Where such arena 
«m be acquired and cut up into homes they may be restored by 
proper tillage methods and the addition of nitrogen or other plant 
food until they arc capable of constituting thickly settled and pros¬ 
perous colonies. It is often found that large ownerships and tenant 
farming arc the accompaniments if not the causes of neglect and par¬ 
tial or entire abandonment of agriculture. Reclamation fr.-ni such 
conditions is ns wise and as necessary ns any other mode of develop¬ 
ment. 

Thu purpose of the appropriation for these investigations was 
understood to bo the feasibility of preparing farms for settlement 
by returned soldiers under a planned rural development such ns has 
been carried out in Australia ami many European countries with 
benefit both to the settler and the community at largo. Investiga¬ 
tions have shown that many of the so-called abandoned or neglected 
farms ill the Eastern and Middle States can be rehabilitated by 
pr.qxr culture with more or less clearing, draining, and leveling 
and the addition of lime or other needed constituents of soil. 

The investigations along this line were necessarily of a most pre¬ 
liminary nature, ns one of the principal facts tn be developed is the 
pride of land, and no actual negotiations could l» carried on to 
ascennin this in the ftliscnce of authority and funds for the purchase. 
The information, therefore, is of it general nature, but indicates that 
such opportunities of an attractive character ran be found in prac¬ 
tically all the Northern, Eastern, and Middle States, where improved 
farms cun often lx purchased at Imt little increase over the present 
value of improvements, and by wise nr all of the methods of ndwns- 
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tion nbore mentioned can be made suit a bio for colonization at reason¬ 
able price. 

Those same State* also contain many large areas in private owner- 
ship t hut held at very modemfe prices, which belong m the category 
of wet and cut-over lands, requiring drainage in some cases and 
Hearing in nearly all cases. In some instances they have been under 
cultivation in the past, but have been abandoned for many years, or 
used for pasture only, and allowed to grow up in brush, which will 
require clearing. Most of such lands also require the addition of 
lime, the building of roads, and the opening of drainage outlets to 
permit the escape of excessive rainfall. 

HITTSJOh* 

The northern division comprises the area east of the Missouri 
«iver and north of tile Ohio, The opportunities for settlement are 
abundant in most of these States, and especially so in the Lake 
btntcs—Michigan, Wisconsin, and Minnesota—where vast areas of 
cut-over lands and lands needing drainage are found, and some of 
them were examined in detail. 

In several of the States of the Mississippi Vulley where airricnl- 
tuml conditions are excellent the development has been so complete 
that only small areas of undeveloped lands have been found. Some 
of these are cut-over regions, some are naturally wet places needing 
drainage, and some are overflow hinds which require levee protection 
and drainage works. These States, however, all contain consider¬ 
able areas in large ownerships, farmed by tenants, where results are 
unsatisfactory end are growing worse. Many of these offer favor¬ 
able opportunities fur soldier settlements which will be nearly as 
lionefu-iul to the country at large and ns favorable for the soldier 
settlements as the reclaimed lands in other States. With proper 
Wal cooperation there is no doubt that favorable colonies can be 
established in all the States, 

In New \ ork and Pennsylvania are considerable areas of good 
cut-over lands, some of which are adaptable to agriculture and verv 
favorably situated for settlements. The convenience of transporta¬ 
tion and the abundance of good markets near at hand give these 
regions important advantages over some others, and in New York 
are many areas requiring drainage which apparently will afford 
favorable locations for colonics. 

New England presents the extreme esse of local need for agricul¬ 
ture, The present agricultural production of New England is hut 
a fraction of what it was half a century ago, while the growth of 
population and of manufacturing industries makes a market which 
12373*—£i- to 
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draw. 1 ' more and more for subsistence upon tno Mississippi Talley 
and tlm Fur West. The development of agriculture here is of tirst 
importtinee in sustaining the manufacturing industries in tlie face 
of the necessity of transporting their food and raw materials. Many 
excellent opportunities for the development of cut-over lutuls, the 
drainage of wet lands, and especially the rehabilitation, fertilisa¬ 
tion, and building up of areas which have in the past been farmed but 
are now wholly or partially neglected are offered in this section. 

The decline of New England agriculture has been dus in general 
to the demand of its growing manufactures for the necessary labor 
and the competition of cheap, fertile, and extensne agricultural 
areas of the Mississippi Valley and the great West, These lends are 
no longer cheap, and the growth of the Middle West is to u largo 
extent absorbing the product of the western farms, so that New 
England must enter into active competition for its food supply 
under the handicap of costly transportation. This condition lots re¬ 
versed the influence which led to the decline of New England agri¬ 
culture, and in providing for its rehabilitation the soldier settlement 
program affords the opportunity of doing this and ut the remit time 
keeping at home the thousands of soldiers who enlisted from these 
centers of population. 

MlITHKKS PI VISION. 

In the Southern States opportunities for colonisation are of the 
same three closes. The largest areas are of cat-over lands. In past 
years small holdings of ttmberland have been acquired by lumber 
companies and merchantable timber has I wen cut and marketed 
ns lumber. Many of three largo companies are now operating and 
are anxious to sell the cut-over land usually at low’ prices- In some 
cases drainage would be required and in others drainage should 1* 
assisted by upeuing and straightening surface outlet* to permit the 
ready escape of excessive rainfall. In some of the richest loeiilitic~ 
where land can lm had very cheaply, one of the principal drawbacks 
which must I* 1 overcome is the elimination of the swarms of mosqui¬ 
toes, which will require careful surface drainage and elimination of 
stagnant water. Also the clearing of luxuriant vegetation which 
springs up after the timber is removed. Such arcus can only be suc¬ 
cessfully colonized in tracts of considerable sis®, as it is impractical do 
to carry out mosquito cxterniiootinn on a small scale. In many of 
the Southern States, especially the border States, are to be found 
extensive areas which have boon either abandoned or neglected since 
the Civil War anil are of similar character to those described in New 
England. They can generally he purchased cheaply and rendered 
fertile by clearing and the addition of lime and nitrates. 
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WISTTOJf DITI*I<Mt. 

The mterri tier of the States comprised in this division—the 
Dakotas, Nebraska, Kansas, Oklnhonin. and Texas—have consid¬ 
erable areas of humid land in which drainage is frequently needed 
and irrigation is not needed. Lands can be found in all of these 
States which are not swampy, but in which a high water table requires 
that they lac drained in order to fit them for other use than pasture 
or meadow or forest culture. Drainage can in many cases he pro¬ 
vided at reasonable cost and where clearing is necessary this also 
is comparatively inexpensive. Farther west, irrigation projects 
have Ijwn investigated in the past and numerous opportunities of 
feasible development of this character exist in most of the Western 
States. 

Such reclamation can be applied to public land in Wyoming, Idaho, 
Washington, Oregon, California, and Arizona. In the other arid 
States most of the land to he reclaimed is in private ownership, 

Tho arcus west of the hundredth meridian pre^nt; many oppor¬ 
tunities for reclamation not only by irrigation but by dramas and 
by the clearing of cut-over lands, the Tatter opportunities occurring 
chiefly in Montana* Idaho, Washington, Oregon, anil California* 
Only a small percentage of these lands* however, are really suitable 
for reclamation at the present time. East of the mountain ranges the 
cut-over lands are mainly arid or remiarid and hence require irriga- 
tinn for successful agriculture. The combination of the cost of irri¬ 
gation and of the necessary clearing and leveling of the lands is 
usually prohibitive even in the cases where irrigation is feasible nt 
all| and in such rases it is usually best lo encourage the reforestation 
of the lands by protecting the young growth from lire. Considerable 
areas of semiarid bud may by scientific methods lie successfully culti¬ 
vated without irrigation, hut ns the results are more or less precarious* 
the values for such Agricultural use are usually not high and may 
exceed the cost of clearing. 

There are cases, however, where such reclamation may be wisely 
carried out In the extreme Northwest, on the Pacific slope* are large 
areas of cut-over lands where deep nntl excellent soil occurs* where 
the topography is suitable, and where the rainfall is also sufficient for 
fiuccflfflful fanning. Some areas in this region ran be profitably and 
wisely devoted to agriculture, but in a large portion the cost of clear¬ 
ing, owing to the number, size 1 and character of the slumps that are 
in the way, would at present values of agricultural bmd make ths 
enterprise prohibitive and the land can best be utilized by reforesta¬ 
tion. This is true also to some extent in western Oregon and north* 
western California. A large portion of the cut-over lands in the 
Northwest is, of course, unsuitable for agriculture on account of 
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topography and rocky soil and run best he restored to forest con¬ 
dition. 

The great bulk of the land west of the hundredth meridian which 
is not too high, cold, or rooky for agriculture is arid. Of this 
arid portion, over 15,000,000 acres have been placed under irri* 
gut ion by private or public enterprise, and in carrying out this work, 
of coarse, the more favorable opportunities for such irrigation have 
been, developed. It will sLill be possible to add many million acres 
to the irrigated area and perhaps to double the area now Irrigated, 
but this must generally he done at high cost, ns the cheap opportuni¬ 
ties have been lung since exhausted. There are remaining, however, 
mam - areas which can ho irrigated within feasible costs and will 
develop values far in excess of the necessary expenditures. They 
will furnish healthful homes for settlers and will supply agricul¬ 
tural products and food resources in proximity to great mining and 
grazing resources, which will be made more valuable thereby. There 
is much room for wise and profitable activity in this line in most of 
the ’Western States, buL the total areas that can be thus reclaimed 
bit much less than those offering opportunities in the States farther 
east. 

The following table summarizes the results of the investigations 
tunde in the western division: 
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Project* ami extmtvja* of project* inraUputcit hp the Reclamation Sttrtkp 
in the Western state*—> Continued. 
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Richard Rathbuh. 
















RICHARD HATH RUN. 1 


By ILun-i-s Ucsjiiit?:. 


[With 1 piaUt] 

American science Has last one of its distinguished authorities on 
in 1 ‘citi'l.ifiite zootogV) anil the United iStstes National Mitt wm its 
honored chief Lv the death of Richard Knthbun in the city of Wash¬ 
ington early on the morning; of July 10, ll+lS. 

Richard Rathimn was bom in Buffalo, New York, on January 35, 
1852, and there studied in the public schools until he reached the age 
of 15 years, when lie entered the service of a firm of contractors, with 
which he remained for 1 years, acquiring a thorough knowledge of 
business methods, that was of special value to him during his Inter 
years* 

At that time, attracted by the specimens of fossils that abound in 
western New York, he began the study of paleontology to which he 
assiduously devoted his evenings anti holidays. The collection in the 
museum of the Buffalo Society of National Sciences was made by him 
and lie was appointed curator of that subject with charge of its mb 
In (ions by the society. 

In 1*7!. he met Charles Fred. Ilartt, thru professor of geology at 
Cornel! University and a pupil of the elder Agassiz, who persuaded 
him to give up business pursuits and devote himself to science. Young 
Hat hi urn accordingly e me red Cornell and followed the regular aca¬ 
demic course with the class of 1*75. specializing, however, in geology 
ant I paleontology. 

The collections of Devonian and Cretaceous fossils previously 
obtained by Ilartt in Brazil were assigned to him to work up and re¬ 
sulted in tile publication of his tirst paper; 11 On the Devonian Bru- 
thiopoda of Erere, Province of Parti, Brazil," in the Bulletin of the 
Buffalo Society of Natural Sciences fur 1*71 3 followed by a '* Pre¬ 
liminary' Report on the Cretaceous Lajnellibmni ks Collected in the 
Vieinitv of Pernambuco. Brazil," in the Proceedings of the Boston 
Society of Natural History for 19T4 J 

In the preparation of bis paper on the Devonian fossils, he spent 
some time in Albany. New York, where lie came under the influence 
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of Janie'S Hull,, the Stale geologist of the great Empire State; and 
later while completing the paper on the Cretaceous fossils lie studied 
at the Museum of Comparative Zoology, where he was so fortunate 
as to be able to attend a course of lectures by the elder Agassiz, then 
in the last year of his life. 

Cambridge proved a congenial environment, and so instead of re¬ 
turning to Cornell, he continued at the Museum of Comparative 
Zoology from 1873 till 1875, acting also as assistant in zoology at the 
Boston Society of Natural History. During the summer months of 
those years he served as volunteer scientific assistant under Spencer 
F r Baird Ira the marine explorations of the United States Fifih Com¬ 
mission on the New England coast, and thus l>ogan his connection 
with the Smithsonian Institution, fur at that time the scientific work 
of the Fish Commission was practically under the direction of the 
Smitlisuukm 

In the autumn of 1875 he received the appointment of geologist to 
the Geological Commission of Brazil with orders to report to Profes¬ 
sor Hartt in Bio de Janeiro, mid with that service he continued until 
March, 1878r His fiist field work was in the region about the Bay 
of Bahia, and continued thence down the coast of the province of the 
same name to near its southern end. Extensive deposits of coal said 
to occur in parts of that region constituted one of the special objects 
of the exploration, but the geology was studied In everv particular, 
including the extensive coral reefs that lie along the coast, and also 
the ethnology of the Indian tribes living inland. The report on the 
geology and coral reef* was published in the Archives of the National 
Museum of Bio de Janeiro in 1878/ 

Later he explored the central and southern parts of the province 
of Sad Paulo for the purpose of determining the mineral, and es¬ 
pecially the coal, ttsmirc«s t and while these proved to be unimportant, 
he had the opportunity of studying tho origin of the rich red lands 
where the famous coffee of that region is grown. 

On returning to the United States, Mr. Rathbun brought with liim 
complete series of the Devonian and Cretaceous fosdls which have 
since become the property of the United States National Museum. It 
had hem his top* to have monographed tins Interesting material, 
but other duties claimed his attention and with the exception of a few 
papers such as “A List of the Brasilian Echinodenus, with Notes 
on Their Distribution; 1 which he contributed to the Transactions of 
the Connecticut Academy of Arts and Sciences for 1870,* the ma¬ 
terial was worked Up by other atien tfets. 

Meanwhile he had accepted from Secretary Baird the appointment 
of scientific assistant in the United Slates Fish Commission with 
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which service he then continued until I8&6, At first the collections 
of the Fish Commission were preserved in the museum of Vale Uni¬ 
versity in the custody of Prof, A. lx YerriU, to whom lie was detailed 
us assistant serving algu at fiat time a^ assistant in zoology at Yule 
University. 

In 1880, owing to the approaching completion of the United States 
National Museum building, Mr* Ruthbun was transferred from New 
Haven to Washington and brought with him a part of the collections 
which had been stored ut the former place. At that time he was made 
curator of the department of marine invertebrates in the National 
Museum* an appointment which he continued to hold until 1914. 

As the Fish Commission grew* much of the administrative work 
was assigned to Mr Rathbun by Secretary Baird anti the respon¬ 
sibility steadily increased until Baird's death in 1887, Meanwhile, 
although Professor Terrill of Yale was the nominal head of the sum- 
mer in vest iga Lions of the Fish Commission* during much of the time 
Mr* Rathbun had active charge of the laboratories, steamers, and 
equipment and was responsible for the general management of the 
work. The collections were mostly assorted under his supervision 
for distribution to specialists. His own studies at that time related 
to the commercial fisheries and to the working up of the natural his¬ 
tory of several groups of invertebrates. 

During 1880 and 1881 he was employed upon the fishery investigs- 
tions of the Tenth Census and reported on the natural history of y and 
the fisheries for, the commercial lobsters* crabs, shrimps, corals, and 
sponges: the marine fishing grounds of North America with the ocean 
temperatures of the Atlantic coast of the United States Much of 
this material appeared in “The Fisheries and Fishery Industries of 
the United States/ 5 whicli was prepared through the cooperation 
of the Commissioner of Fisheries and the Su perin tendon t of the 
Tenth Census under the direction of George Brown Goode. Mr T 
Rathhun’s contributions to these official reports amounted to 550 
quarto pages with 106 plates. 

Incidental to his work at this period was hb association with «]- 
leagues in the gathering of material for the Great International Fish¬ 
eries Exhibition held in London in 1884* He prepared and described 
the u Collection of Economic Crustaceans, Worms* Echinoderms and 
Sponges■ and ho was the author of the 1S Descriptive Catalogue of 
the Collection illustrating the Scientific Investigation of the Sea and 
Fresh Waters.* * 

In 1S91, at the request of the Secretary of State, he assisted John 
W, Foster in preparing material for the United States case at the 
Paris fur-seal tribunal* He had the services of severs! experts, and 
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nas called to report upon the lawg of all nations relating to the cxtra- 
limita! fisheries for whales, hair seals, fisheries, precious corals* pcarl% 
lK?che de met, etc, f and also upon the distribution ami habits of these 
forms, Reports of progress were made daily to Secretary FoKter f 
aiitj the more es^tial parts of the completed report were incor¬ 
porated in the extended brief of the American agent. 

During the entire period of the fur-seal hujumrs Mr. Rath bun 
wsis in charge of the investigation?!* except those of the first inter¬ 
national commission. The steamer AJba^rogw made yearly trips to 
Bering Sea with one or more experts, who were directed to study 
the habits of these animals and to make an annual comparative 
record of their distribution and numbers by written notes and 
identical scries of photographs* The work was also extended to the 
Russian islands. 

The most important international commission to the fur-seal 
i.-dunds was the one dispatched in 1SDG. This expedition, with the 
Cooperation of the Secretary of State, was conducted by the Treas¬ 
ury Department. Chur lea S. Hamlin* then Assistant Secretary of 
the Treasury, was in immediate charge of the ease* and Mr. Rath- 
bun was called to he Ms chief adviser. The hitter was asked to 
become the head of rise American commission, but, declining, was 
requested to nominate its member®, which he did. Mr. Rathbun 
also prepared the instructions for the commission, which entered 
into every detail and every accusation on the part of Canada. 

In December* 1^)2. Mr. Hathbnn was appointed by President 
Harrison ns the American representative on the joint commission 
with Great Britain to study the condition of the fisheries in the 
boundary waters between the United States and Canada and the 
recast waters adjacent to the two countries* and to report mtch 
mensun s (ls might be deemed nectary to insure the protection of 
thesa ^liyrics. Xo similar investigation of aueh magnitude and 
importance was ever before attainptad, and four years were required 
for its accomplishment. A largo party of experts was put in the 
field on the part of the United States, and Canada assisted to the 
extent of its facilities. Mr. Kathbim personally visited every point 
of interest, jarring with the Gulf of St. Uwrence. remtinnins 
through the fresh water systems, including the Great Lakes and 
ending at Gape Flattery at the w*st The report submitted to £hc 
Department of State on December 31 % 1896, was transmitted bv the 
President to Congress and printed, 

It hud Wen Secretary Baird’s intention to have Mr Rathbun 
tmns-fermJ to the National Museum, so that he might give h]l entire 
time to the development of the department of marine invertebrates 
and the working up of the important collections that * etv con- 
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stautly belli" revived, but on the death of Baird in 1887 !>r* Q* 
Brown Goode, who succeeded temporarily to the office of Fish Com- 
uii^iouer* pcrnmded Mr* Eathbun, hi consequence uf his long eacpe- 
rivijit- and familiarity with the work, to re mu in with the commla 
fiiim. Later, when Fob Marshall McDonald l^rame permanent com¬ 
missioner* hr was equally appreciative of Mr, Bath bun's valuable 
qualities and likewise was able to induce him to remain with the 
bureau until his own death is 1895. 

In 1806, oil the invitation of Secretary Langley, he accepted ap¬ 
pointment in the Smithsonian Institution, and on January 1, 1897, 
began his duties h& assistant in charge of oflk-e and exchanges. 
Before tin- expiration of the month his abilities were so manifest 
and his appreciation of the conditions bo complete that lie was made 
assist !M secretary. This place he then held until July 1, WJS, when, 
-till continiiiiig ns a distant secretary, lie was given charge of the 
National Museum, in which capacity he remained until his death. 

It is almost impossible to attempt to consider in detail the many 
cel mi heat ir ira of the great work that he accomplished, and naturally 
the minor, but certainly not unimportant, interests are obscured by 
the larger events to which he gave the later years of his life. 

The most important of these was the construction of the new 
building, in which the natural history collections are preserved. His 
intense interest in this undertaking* as well as his remarkable ca¬ 
pacity for studying details, is perhaps last shown by his careful 
preliminary study “ The United States Natloml Museum: An 
Account of the Building? Occupied by the National Collect ions , |fc 
that appeared in the annual report of the United States National 
Museum for 1603. 1 

The years of patient watching and waiting for the completion of 
the structure, with his perfect knowledge of every detail, can never 
be satisfactorily told in words* but they are strikingly illustrated 
by the careful “Descriptive Account of the Natural History Build¬ 
ings of the United States National Museum” that forms No. SO of 
the bulletin series, 1 that he published in 1913 on the completion of 
the budding* 

These two publications show how much he gave of himself to the 
perfection of a work that must always remain as the greatest monu¬ 
ment shat can be retired to hb painstaking genius. 

With an interest equal to that shown by him in the construction 
of the new’ Museum building, be undertook tho development of the 
National Galien" of Art, an important feature of the Smithsonian 
Institution, which, although the one mentioned firet in the funda¬ 
mental act, hnd remained dormant for lark of adequate facilities. 
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ihu valuable oolttction of painting anil nit objects bequeathed by 
Mrs. Harriet Lane Johnston in 1903 to the National Gallery of Art 
afforded cm opportunity quickly appreciated by Mr, Hath bun, who, 
recognizing its importance, began at once to plan for the building 
up of a great national art gallery. In 1004 the Freer collection, with 
its unique specimens of Whistler’s urt work, was tendered and ac¬ 
cepted by the Institution, and in 1007 William T. Evans began his 
gifts of selected paintings by contemimrary American artists, which 
number more than 150 canvases and an equal number of other art 
objects. With these and other gifts the National Gallery of Art has 
attained n prominence that has brought world-wide recognition.* 
A permanent record of this development has been left by Mr. Rath- 
bun in Bulletin No, 70 of the I nited States National Museum, under 
the title of '■ The National Gallery of Art, Department of Fine Arts 
of the National Museum,” 1 * a volume remarkable for its artistic 
appearance, to every detail of which he gave his personal attention. 

His natural taste for research and his tendency to go to the bot¬ 
tom of things led him to make elaborate studies* on the collections, 
and he has left behind him a valuable series of notes from which 
the future historians will find little that is lacking concerning the 
early history of the Museum. At times interesting developments 
presented themselves, and ns typical of those his last important 
publication may be cited. It was “The Columbian Institute for 
the Promotion of Arts and Sciences, a Woslungton society of 1816- 
163S, which established a museum and botanic garden under Gov¬ 
ernment patronage” (pp. 1-85), which was published as No. 101 of 
the bulletin scries of the National Museum in 1817. 

Subsequent to the death of Secretonr Langley, in February, 1000, 
and until the election of his successor a year later, Mr. Rathbun 
served os acting secretary, and frequently during the absence of 
.Secretary Wolcott the guidance of the affaire of the pfirent'institu¬ 
tion was intrusted to Mr. Ruthbtin as acting secretary 
His bibliography numbers nearly 100 titles, and.' in addition to 
those already mentioned, be wo* the author of various sdentiffe 
papere «mtr.bated to the serial publications of the Fish Commis¬ 
sion and the National Museum, as well as 0 few biographies of 
friends and cpUengues. such as Charles F. Hart* and Jerome H 
Ru der: several piipukr articles contributed to current literature- 
and a Senes of official reports, of which notably those nf the National 
Museum are conspicuous evidences of his patient industrv 
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nil of which had to do with the institution to which he gave his life* 
ho had but little time for other interests. 

Nevertheless, his scientific work gained deserted recognition from 
Indiana University, which in 1S83 conferred upon him the degree of 
M, S. ( and in 1&94 Rowdoin gave him her doctorate m science* 

His colleagues found pleasure in dedicating in his honor recently 
discovered forms of life, and a genus of fishes* ftathhunelta (“in 
recognition of his many services to srienu*), as well as a gemis of 
Garfish, R&thbuntutter (“in appreciation of his pioneer work on 
Pacific starfishes"), and many new' species of plants, batrachians, 
fishes, and mo Husks preserve his name in the literature of science* 
Naturally ho wns a member of many scientific societies. At home 
he was active in the Biological Society of Washington, and lie was 
an early member of the Philosophical Society, becoming its presb 
dent in 1S02; also he was a member of the Washington Academy 
of Sciences, and in 1905 he was chosen by his associates to be presi¬ 
dent of the Cosmos Club* an honor that he greatly appreciated* 
Among the national societies he was a fellow (since 1S03) of the 
American Association for the Advancement of Science, correspond¬ 
ing member of the Boston Society of Natural History, member of the 
American Society of Naturalists, councilor of the American Associa¬ 
tion of Museums, and a member of the American Fisheries Society. 

His foreign connections included membership m the Fisheries 
Society of Finland, the Russian Imperial Society for the Acclimnti* 
nation of Animals and Plants, and corresponding membership since 
H+17 in the Zoological Society of London. 

Mr* Rathhun was also a permanent councilor of the International 
Fisheries Congress, a member of the American committee for the 
Boston meeting of the International Zoological Congress, and in 
recent years every gathering of scientists* such ns the International 
Congress of Applied Chemistry* the International Congress of Amer¬ 
icanists, and the Second Pan American Scientific Congress held in 
Washington, placed his name on their honor lists of distinguished 
members. 

At a memorial meeting of the various members of the staff of the 
Smithsonian Institution and its branches, held in the National Mu¬ 
seum on the day of Mr. Rath bun V death and presided over by Mr. 
Henry White, a regent of the institution* record was made of “their 
profound sorrow at the loss of a sincere friend, an executive officer of 
marked ability, and one whose administration has had a wide in* 

£1 Lienee upon the scientific institutions of the Nation. 11 
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Although the progress of science is continuous, it is neither uni¬ 
form nor regular. From time to time this progress is suddenly 
accelerated* leaving strewn along the route the successive hounds, 
find creating thus a sort of discontinuity in the continuity* These 
sodden forward leaps are the work of u small number of geniuses 
whose discoveries guide the countless efforts of experimenters. When 
Button conceived the atomic hypothesis, he opened up and made 
fertile the entire domain of chemistry. When Davy isolated the 
alkaline metals he revealed to astonished chemists a whole new world. 
The idea of chemical function, the law of substitution, the law of 
the homology, the atomic theory, are fundamental additions to 
knowledge derived from the works of Dumas, Laurent, nod GerhnrdL 
who lmvo transformed and rejuvenated chemistry, opening to it 
wider horizons. In opening synthesis as a channel for organic 
chemistry, Berthelot roiled back its frontiers immeasurably* It is in 
the ranks of these great chemists, worthy followers* of Lavoisier and 
of Priestley, that belongs the brilliant investigator, the fertile In¬ 
ventor, the hardy pioneer whose work, so deeply origin ah nnd whose 
powerful personality, the counselor of the Chemical Society has 
given me the 11 uttering mission of reviewing l>efore yon. 

The name of Sir William Ramsay ealb to mind at once* with all 
their meaning, two capita! discoveries, to some extent paradoxical; 
On the one hand, the existence in the atmospheric air of a series of 
gaseous elements, which their chemical inertness relegates to the very 
borderland of chemistry; on the other hand, the production of one 
of these gases, helium, by the spontaneous disintegration of the 
radium atom, two classes of facts essentially new and of fundamental 
importance, whose discovery' was possible only to an investigator of 
the highest rank, capable through exceptional ability, natural or 
nri|ulred* of bringing light into the darkness of the unknown. 

Of Scotch origin — he vras born in Glasgow in 1852—Ramsay’s 
hereditary influences were most favorable- In his family were diem- 
Kgts and doctors of note, and one of his tmdes, Sir Andrew Ramsay, 
was a weD-known geologist Thus, as he himself liked to recall, Ram- 
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say was descended from ancestors well above the average intellectu¬ 
ally and in scientific pursuits* and he was well aware that he owed 
Lo them his celling and his ability as a chemist. 

Having begun his studies in his native city, Ramsay went to com¬ 
plete them in Germany, at first nt Heidelberg, with Bunsen, and 
afterwards in Tubingen in the Fittig laboratory, where after some 
researches on the ammonia compounds of platinum, he studied the 
toiuic acids. Organic chemistry attracted him by the flexibility of 
Its combinations and the ingeni ensues of its structural theories. On 
his return tn Glasgow* where he secured a post as assistant, he stud¬ 
ied specially the pyridk group, doubtless attracted by the problem 
of the synthesis of the cinchona alkaloids. Let tis recall the synthe¬ 
sis of pyridine itself by the direct" union of evanhydrie acid with 
acetylene*the production of the different pyrid ink acids by the oxida¬ 
tion of the bases of Anderson, the production of the same acids (in 
collaboration with Delhic) from quinine, from cinchonine, etc*, nn 
important observation which directly related these alkaloids to 
pyridine. 

In 1880* at the age of 28, given the title of professor of chemistry 
at the University of Bristol, Ramsay begunj in collaboration with 
his assist ant, S. Young* a series of works on physicochemistry which 
were not slow in being noticed. They had for an object the revision 
of the physicochemical properties of a certain number of liquid types* 
wnter, alcohols, ethers. hj'drocarbons, etc., w ith a view especially of 
determining exactly the relation of these properties to the atomic or 
molecular weights, A vast field was thus explored: the densities of 
steam, the tensions of steam, thermic constants, dissociation, critical 
points were studied and many new and interesting observations were 
made. For the execution of eo many delicate researches, alt kinds 
of new apparatus had to be designed and constructed} with the re¬ 
sult, extremely fortunate for the following of his career* that Ram¬ 
say l™me a very adroit blower of glass* if any of these contrivances 
are to-day in every-day use In laboratories. 

It was in 18ST that Ramsay was called to the University College 
at London, to succeed Williamson in that chair of chemistry already 
renowned, which he was by his efforts to make shine with a great 
light- For 3d yearn in fact* Ramsay was to display in this post of 
honor the most fertile and brilliant activity. His peculiar qualities 
ns an experimenter and his originality stood out in striking relief in 
ft w* which he published in 1803 in collaboration with Shield*. 
Fallowing a remarkable series of researches on surface tensions and 
densities at different temperatures, Ramsay gave to science the firet 
experimental method of determining the molecular weights of sub- 
stances in a liquid state. 
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We will leave here various other works, of n special nature, in or¬ 
der to come without more delay to those researches which Here to 
Immortalize iho name of Ramsay, 

In 1804 Ramsay was 42 years of age. Ilis work was already con¬ 
siderable in amount and his reputation solidly established, but he 
could not yet L>c called a celebrity* In possession of scientific knowl¬ 
edge as profound as it was extensive arid varied, a penetrating mind 
with broad vision, a philosopher mindful of the general movement 
of the sciences, and eager to solve the mysteries of nature, free from 
all dogmatism and with mind open to even the most during concep¬ 
tions, an experimenter of finished technique, an enthusiastic spirit, 
Ramsay was ready for epoch-making discoveries. Given a favorable 
occasion, his genius would be fully equal to the task. Here is the 
occasion. 

As often happens in scientific research, a chance observation may 
lead to the most unexpected results. Lord Rayleigh, who for sev¬ 
eral years had pursued with meticulous care the determination of 
the density of the principal simple gases (hydrogen, oxygon, nitro¬ 
gen), noticed that the density of the nitrogen extracted from the 
air through absorption by other known gases was always greater 
than that ol chemical nitrogen, coming from different sources— 
oxides of nitrogen, ammonia^ urea. etc. The difference affected the 
third decimal and did not exceed one-half per cent, but it was cer¬ 
tainly more than experimental error. 

Three hypo theses could exp Inin this irregularity* The atmospheric 
nitrogen might be constituted in part of complex molecules of nitro¬ 
gen comparable to the oxygen compound called ozone* Conversely, 
in the chemical nitrogen a certain proportion of the molecules might 
be dissociated into free atoms. But the density of neither of the 
gases, after being kept for eight months, underwent any change, and 
the permanent existence of condensed nitrogen or of dissociated 
nitrogen (atomic nitrogen) would scarcely be likely. Lord Ray¬ 
leigh, who had at first accepted these explanations, rejected them to 
adopt the third hypothesis, according to which the amospheric nitro¬ 
gen is constituted of a chemical nitrogen mixed with an unknown gas 
of greater density. Being consulted by Lord Rayleigh, Ramsay was 
of the same opinion, and the two scholars at once united their efforts 
to isolate the mysterious gas whose existence was thus revealed. 

It is interesting to recall here that in the fundamental experiments 
in which Cavendish, a century before* had established the formation 
of nitric acid by the prolonged action of electric sparks on n mixture 
of oxygen and nitrogen in moisture, the celebrated English chemist 
had noted that even after a very long time there always remained 
after absorption of the oxygen in excess a small gaseous residue rep- 
12573*—21 - 35 
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resenting about one one-himdrtid-ajid-twentieth of the volume of 
nitrogen. But the observation had passed unnoticed, and until the 
researches of Lord Rayleigh, the nitrogen in the air had been con¬ 
sidered as u simple gas, identical with “ chemical nitrogen, 7 * 

"While 1 mi \] Rayleigh, taking up again the experiment* of Caven¬ 
dish., verified the fact that atmospheric nitrogen does indeed leave, 
after the action of the oxygen and the spark, a residue which coull 
not be overlooked, Kamsay attacked the problem hy a purely chemical 
method, that of absorbing the nitrogen by magnesium at red heaL 
Tile repeated action of this metal increased the density of the gas, 
brom 14, its weight in relation to hydrogen* the density increased 
little by little to become fixed in the neighborhoiHl of 20* What re¬ 
mained was u new gas, absolutely distinct from nitrogen, < haractci- 
ked* aside from its density T by a peculiar spectrum very rich in lines 
in all regions andt a fact without precedent, by absolutely no ability 
to combine with any other substance whatsoever* 

At the British Association meeting at Oxford in 1891, at the 
memorable session of August LI* Ixird Rayleigh and Ramsay an- 
EioiinctHl in turn that the nitrogen of the air is not pure nitrogen, and 
that It contains a small proportion of a gas more dense and much 
more inert, lo which they gave, on account of its chemical inertness* 
the mime of argon (a priv.* cpYpr, energy). This communication 
euused a great sensation among the audience, and the daily presg t^n?k 
up the matter at length. 

Bat chemists are generally conservative* amt although the discovery 
wui4 affirmed by two scholars wi well qualified* many remained in¬ 
credulous. It was not certain that argon was a simple substance. 
The muketdar weight* according to the density, being 40, it might las 
a form of nitrogen cyanide CN a ; it was noticed also that a trhtomic 
molecule of nitrogen X B would have n weight of 42, a figure not far 
from the one given above. 

A few months sufficed for Ramsay to clear up the question and 
dissipate all doubts. The comparison of the specific heats at a con¬ 
stant volume and at constant pressure shows an equally unexpected 
fagi—that the molecule is monatomic* and consonantly the new gas 
can only lie an element. 

There is never anything fundamentally new except that which 
could not bo foreset m: that which is foreseen is implicitly contained 
like the corollaries of a theorem, in that which b already within 
the domain of knowledge. To find In the air a new g n * m u] in 
addition, one of absolute chemical inuring Ls indeed a truly n4at 
discovery- It brought at once to the authors a deservedly great 
renown. Ramsay w*s not slow in adding to it through other re 
searches not less surprising* And it was here again that a fortunate 
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opportunity presented itself to him; he exploited it with admirable 
und masterful decision. 

Early in 1895 Ramsay teamed, through a letter from Sir Henry 
Miens, that Hillehrand* rheraist in the United States (Geological Sur¬ 
rey, had observed, while treating a uraniferous mineral, elevate, 
with boiling sulphuric add, the giving off of a gas which appeared 
to him to Ine nitrogen. The elTect producer] on Ramsay by this news 
w*e entirely characteristic of his scientific temperament. Many 
chemists, while finding the observation interesting, would have put 
off the study of the object until later, when they might have more 
leisure, Ram f ay f on receipt of the letter from Sir Henry Miers r 
called the laboratory aid and dispatched him immediately to the 
simps of the mineral merchants of London to buy all the cleveite 
that he could find. The cleveite arrived toward noon; before night 
it had been treated and the gas collected. During the two following 
days the known gases, except argon* which it had been expected 
would he found t were eliminated ami the residue introduced into a 
spectrum tube. The spectrum of argon was not observed. I here 
were few lines : one of these—yellow— was very brilliant. It was 
thought at first to be the line of sodium, present, iierhaps. in the cor¬ 
roded electrodes. But Ramsay laughed at the idea; he was not in 
the habit of using dirty spectrum tubes, and, besides, he had made 
the tube himself. A comparison spectrum of sodium was observed 
simultaneously. The two lines were distinct and hi no way super- 
iKised. It was then beyond doubt that it was a new gas, and the 
hypothesis was advanced that it might be helium. 

Helium was that element* still unknown on the earth, whose ex¬ 
istence* in the sun was known through a spectroscopic observation 
carried out bv the French astronomer Janssen at the time of the solar 
eclipse of the year 1368* and the subsequent suggestions of the En¬ 
glish phjsdcisti Frunkhmil and Lockyrr. Was this new gas of Ram¬ 
say's helium* or was it not? The answer was not long in coming. 
The spectrum tube was sent to Sir William Crookes, who measured 
with great care, the ware length of the yellow line and found it 
identical with that of the solar line of helium. Scarcely a week had 
passed since Ramsay had received the letter from Sir Henry Miens, 

At the general reunion of the Chemical Society in March. IS&ft, 
the discovery of terrestrial helium in the gases from cleveite wus an¬ 
nounced. Its molecular weight was 4* and a study of the specific 
heat indicated that the molecule wn$ monatomic, like that of argon, 
which it also resembled through irs complete chemical inertness. 

During the two following years Ramsay hunted carefully for 
other Sources of argon and helium. Argon and helium were found 
in certain mineral waters, those of Cauterets among others; to-day 
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we know that they exist in nil subterranean waters and gases. 1 Fur* 
thermore, helium can be derived from n series of rare minerals; this 
observation was of great interest in what followed, after it was ills* 
covered thnt the same gas was given off in the disintegration of 
radium, as we shall sec later on. 

Their resistance to any combination assigned to argon and helium 
o place apart among the elements, and they did not fit in any of the 
groups of MendeleefTs table. Ramsay boldivsuggested that they con¬ 
stituted the first two kno wn terms of a new group, characterized by a 
valence of zero. .Secure in observed analogies in the other groups of 
the periodic system, Ramsay, in a communication to the meeting of the 
British Association in Toronto in 1897 with the suggestive title, 
“An rndiscovered Gas,’’ predicted the existence of at least one other 
inert clement, situated between helium and argon, near fluorine and 
having an atomic weight not far from 20. 

Before another year had passed, not only had Ramsay’s prediction 
been realized, but more, in collaboration with Morris Travers, two 
other elementary inert gases had been discovered, whose places he 
also fixed in the periodic system, near bromine and iodine, with the 
neighboring atomic weights of 83 and 130. 

Ramsay submitted to a dose examination different thermal waters, 
stirh as those of minerals and of meteorites, without being able to 
discover any of the gases which he sought. Their presence in all the 
subterranean gases was to be demonstrated later.* thanks to the use 
of a method of fractionating by means of cooled charcoal inaugurated 
by Sir James Dewar.* 

But if the three gases to be discovered really existed, ought they 
not to bo found in considerable proportion in the atmospheric nitro¬ 
gen along with argon ? 

One hundred cubic centimeters of liquid nir having been reduced 
through spontaneous evaporation to several cubic centimeters, Ram¬ 
say vaporized them in a gasometer, then eliminated from it the 
oxygen and nitrogen by appropriate means. The gaseous residue 
thus prepared furnished the spectrum of argon with, in addition, a 
yellow line and a very brilliant green line. Besides, the density was 
a little prtater titan that of pure argon; the residue examined was 
then argon mixed with a certain proportion of a heavier gas 

In order to isolate this gas, Ramsay aided by Travers, prepared IB 
liters of argon, a task requiring several months, and liquified it by 
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cooling with liquid nir» Th* clear liquid obtained was submitted to 
a fractional evaporation very skillfully conducted, with the purpose 
of separating the gases more or less volatile than argon* The success 
was complete. 

The first breaking up furnished a light gas, about ten times more 
dense than hydrogen* and characterized by n magnificent spectrum 
with brilliant lines in the red and the yellow* Ramsay called it neon. 
It is moreover accompanied by a certain proportion of helium, pres¬ 
ent also in the air, and from which it can be separated by the use 
of liquid hydrogen (-253°). which solidifies the neon and leaves 
the helium in a gaseous state* 

The end product* of the distillation of liquified argon retained die 
two other new gases, which could however be separated by liquifac¬ 
tion and fractionating* Ramsay culled them crypton and xenon; 
their densities in relation to hydrogen were 41 and G5* 

For the three new gases* neon* crypton, and xenon, the study of 
the specific heats led* a* for helium and argon, to a monatomic mole¬ 
cule. Thej' are likewise chemically inert. Their atomic weights -d* 
82, and 130 were found to occupy exactly the places indicated by the 
classification of Mendeleeff. 

Thus, in the atmospheric nir* which during more than a century 
had been believed to be perfectly known, Ramsay hud succeeded in 
the four years from IBM to 1808 , in isolating a complete ntfund 
group of simple gases* Indeed a splendid achievement. Striking 
proof of the fundamental truth comprehended in the periodic law. 
Witness, just as noteworthy, of the scientific faith and the ability in 
experimentation of this master, Nearly all the apparatus had to bo 
invented, and Ramsay aUo hail to construct most of it himself. Only 
those who have handled small quantities of gas and have prepared 
absolutely pure gases, giving spectra entirely free from foreign lines, 
arc able to understand all the technical difficulties of such a woik. 

A little before the discovery of crypton, Ramsay thought lie had 
isolated another element in tho atmospheric argon, it had the same 
density as argon, but it* spectrum was entirely different; be called 
it metargon and described several principal lines* MeUrgon was 
not, however* a new clement; it was recognized that the lines indi¬ 
cated were due to traces of carbonic oxide, which occurs as an im¬ 
purity in araom Other chemists were working on the same problem, 
and Ramsay, too much hurried* had insuilkiently purified his argon. 
I will cite Ramsay himself in this connection - 
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It is certain tlint anyone may be deceived; but it is nut anyone 
indeed who would have boon capable of discovering crypton ami 
xenon in the air, which contains in volume J in 20,000,000 of the first 
and 1 in ]70 ,CmXJ/Xkj 0 f the second. 

rids research on the rare gases of the atmosphere will remain a 
perfect mode] of original research. And jf there was anything to be 
admired more than the ability in experimentation and the scientific 
penetration displayed, it was the energy and persevering ardor, 
qualities doubt I ess less brilliant, hut which in this kind of work were 
absolutely indispensable. 

Another question, in this connection, could not fail to present itself 
to Kamsay’s mind. Are there not in the same group of inert gases, 
noble gases, as he liked to call them, other elements, heavier than 
xenon as predicted by the periodic system, or lighter than helium, 
such ns nebulium, whose presence is probable in the nebula*, and 
coroniiwn, which appears to exist in the solar coronal 
^\\c will recall in passing that beside the inert gases, Anris ltd 
(iantler recognized in the atmospheric air mi appreciable proportion 
of a gas lighter titan helium and which was not other than hydrogen, 
whose production proposed a most suggestive geocliemiral problem. 

Ramsay busied himself then in the scorch for new rare gases. With 
Watson he examined the lightest gases in the atmosphere in the 
hope of obtaining a gas less dense than helium, but wjtliuut success, 
lie wna not more fortunate in the systematic study, undertaken with 
Richard Moore, of the distillation products of an enormous mass of 
liquid air (ISO tons), put at his disposal by fleorge Claude, B a many 
arrived at the conclusion that if the air contains gases heavier than 
xenon, the proportion of them is extremely small and does not exceed 
one twenty-fifth of one-billionth. 


^ d®i»v<?ry of the rare gases had excited universal enthusiasm. 
1 hyairists and chemists far and near wished to study these new ele¬ 
ments; and it is interesting, for the glory of Ramsav, to indicate 
briefly the principal results that have issued from this study 
Some, interested especially in the problem of affinity. sJught. but 
m vain, to arouse chemical activity which they supposed to be dor- 
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per rent {thermal gas of Runtenay, ( ote-d'Or), (3) The quantitative 
relation crypton-argon has practically the same value in all natural 
mixtures,, the atmospheric air included ; the relation crypton-xenon, 
different from the preceding* is likewise constant, as is al so the rela¬ 
tion xenon-argon, ami as also appear the eolations of these three 
gases with neon; it is possible to explain the constancy of the rela¬ 
tions by the chemical inertness and the analogous properties of these 
giises, which have thus been able, since the time ol the original 
nebulae, to come through free and mixed together and without their 
quantitative relations being sensibly changed, all the cataclysms of 
astronomy and geology. (3) Helium, it is true, accompanies the 
other members of the group on all their voyages* but it escapes all 
prciyjortionality; and it could not he otherwise, inasmuch as only 
helium is produced continually from radioactive substances, and 
these are unequally divided in the different strata* 

You sco, gentlemen, whnt unexpected and weighty problems have 
lieen brought up by Ramsay's discovery. What an exceptional des¬ 
tiny is that of these five gases* whose chemical inertness has assured 
to them, since the beginning of time, an eternal inviolability,, and bus 
thus made of them, like the demigods, immortal witnesses of all the 
physical phenomena of the earth and of the evolution of the spheres I 

For what practical applications are the new elements destined? 
Lighting teats in neon have proved very encouraging. Argon is used 
in incandescent lamps. And above all—Ramsay himself made the 
proposition—balloons ha ve been inflated with helium, and by this 
means made noninfiammable. 1 

Whnt a prospect for aeronautics! How far we are from the 
famous solar spectrum line of Janssen* found again by Ramsay in 
the gas from deveite! Other uses will follow for helium as well ns 
for Lhe related gases: their career is still only at the beginning. New 
example, among a thousand, of the value of purely speculative re¬ 
search I All scientific discoveries, however exclusively contemplative 
their concern at first might appear* can not fail to lend sooner or later 
to practical applications. Would that the directors our affairs 
could real im this fact which carries with it so much l>enefH and m 
much hope, and which also holds for them duties and resjionsibilitiesj 
in the eyes of the country which has put its future in their ha mis. 
Could they but understand that science is power, that science is 
wealth I Let them encourage* with all their power, scientific re¬ 
search. Let them understand that learned men can not live differ¬ 
ently from other men, and that they also have the right to n normal 
am 1 honorable existence. Let them generously endow laboratories. 
Let them grant means for specially interesting studies which may be 
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indicated to them. Let them take under their protection the young 
man of talent whose gifts should belong to the Nation, and whose 
development would bring to it glory and prosperity. Let them \m 
al>le t in a word, to see in the budget for science a productive expendi¬ 
ture* a veritable investment with large returns. Then will they 
assure to research workers the means for their study, to learned men 
the possibility of giving their lives to science. 

^ e now come to the year 1902. Pierre Curie and Mme. Curie 
hai.l Just obtained radium, the magnilie^iit completion of an admir- 
jilile work begun by ilme. Curie in 1597, a little after the discovery 
of radioactivity by Henri Bo&peral in \m. It was a logical out- 
come that Ramsay was attracted toward these most interesting re¬ 
searches, The new domain thus opened to science had ns yet been 
explored only by physicists; it seemed to him immediately that cbem* 
brtry also could and ought to enter on the scene. Ho entered boldly 
on the subject; he was to make consists in it of vast importance* 
Fre<lcrick Soddy had come from Montreal, whore hi! had been as* 
sistmg Sir Ernest Rutherford in his beautiful work on thorium. The 
curious fact had been discovered that a material substanoa was con- 
rimiall} given off from thorium; it was given the name of emanatiozi. 
Actinium and radium also gave off an emanation. These new sub¬ 
stances were evidently of a gaseous nature; and, with all the skill 
already acquired in the manipulation of small quantities of a gas T 
Ramsay found himself very well fitted to make a study of them. In 
t o aboratioai with Soddy he tried to obtain the spectrum of the eman¬ 
ation of radium. As the amount of emanation which comes from 
C^vn a relatively large quantity of radium is extremely small it was 
necessary to devise a special spectrum tube. It consulted of a therms 
metric capillary tube with an electrode made of a platinum wire 
soldered at the end, the second electrode lacing mercury, which was 
put in in advance with the very small quantity of emanation with the 
aid of a pump. Traces of impurities prevented Seeing the spectrum 
of the emanation which it was not expected to see until later- but 
what was the surprise of Ramsay and Soddy when, after the passage 
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of dogmas? Since the time of the alchemists no one has believed iu 
transmutation. Trtmsmutatiou was the most extravagant of utopias. 
And yet to-day, but a few years later, who doubts that the atom has 
contradicted its etymology and disowned its name? Who doubts 
that the utom of radium disintegrates spontaneously and that the 
emanation and helium are the products of this disintegration? Who 
doubts tliat there is a complete genealogy of radium, going from 
uranium to lead, and that the differences in moss are due definitely 
to the expulsion of particles of helium gas thrown out like ballast 
in order to lighten the atoms for the beginning of a new existence? 
Who doubts finally, since the beautiful work of Sir J. J. Thomson, 
Sir E. Rutherford, and some other physicists, that the atom with its 
electrons and other constituent elements, is a very complicated 
organism. In fact, an entire world? It is no use for people to erect 
harriers between the known and the unknown; they will full 
some day under the continuous pressure of original research; and 
happily tin-re are many that have already thus been overturned on 
the paths of science. 

The discovery of Ramsay and Soddy was not slow in lieiug taken 
up; the formation of helium was demonstrated os coming from acti¬ 
nium by Debierne, from thorium and uranium by Soddy, from polo¬ 
nium by Mme. Curie and Debierne, and from ionium by Boltwood. 

It is fitting to recall, before leaving this subject, that Rutherford 
lied previously expressed the idea that the particles ** given off by the 
radioactive elements ought to l>c made up of atoms of helium,” 

This destruction of radioactive atoms, in which Ramsay was the 
first to see bom helium atoms, had the effect of liberating an enormous 
quantity of energy, capable of effecting immediately varied chemical 
reactions—the breaking up of water, of carbonic gas, of hydrochloric 
arid gas, of ammonia gas, of the substance of glass, etc. The emana¬ 
tion from radium, in its disintegration, gives off for each cubic re Mi¬ 
nuter a quantity of heat equal to that furnished by the explosion of 
fti cubic meters of the explosive mixture of oxygen and hydrogen 
gases. Ramsay supposed that if a sufficient amount of emanation of 
radium was put in actual contact with atoms, the energy liberated by 
the decomposition of the emanation would be able to break off some 
of them. In common with Cameron, he announced that he had thus 
obtained lithium, starting with copper, and carbon, starting with 
thorium and other elements of the same group. There has been and 
still is a great deal of skepticism regarding these transmutations. 
Mme. Curie and MUo. Gledisch having repeated the experiments 
with copper, the results were negative. On the other hand, Ramsay 
carried out experiments without the use of emanation and they gave 
no trace of lithium. Continued researches ought to settle the debate, 
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The experiments of H;iuisny and Cameron had itecn ciirried out on 
aqueous solutions of metallic suits, Tn the case of copper, the gases 
derived from the liquid after the elimination of the oxygen and 
hydrogen coming front the decomposition of the water, gave the 
spectrum of argon, without any line of helium. On the other hand, 
in treating distilled water with the emanation, neon was obtained, 
with n trace of helium, but no argon. These results also were con¬ 
tested, 

Iiams:iy, being asked one day by Richard Moore i f he would try 
the experiments again, made a typical response: “ Xo, 1 ' he said, I 
do Hot believe it worth while. I can only find again lithium und neon! 
and for me to obtain the same results again would not be a confirma¬ 
tion. 1 will leave to others the tusk of repenting the researches. 1 ' 

The extreme interest of the subject led him to expect that new 
studies would be undertaken by skilled experimenters having at their 
disposal sufficient quantities of radium. 

Another problem, in some degree the reciprocal of the preceding, 
naturally presented itself; Tf the disintegration of heavy elements 
cah lend to light elements, would it not be possible, by an inverse 
method, to condense light atoms into heavy atone; and thus realize 
m all its fullness the dream of the alchemists? Ramsay was not 
afraid to take up the subject. Collie and Patterson, having sub¬ 
mitted the glass of an ordinary empty tube to cathodic bombardment, 
hud announced the production of helium, which had been formed by 
the condensation of four atoms of hydrogen. Ramsay confirmed this 
result, and, going further, found that if the hydrogen is moist—that 
it-, if it is accompanied by oxygen—there will be, moreover, forma¬ 
tion of neon, created by the addition of the atom of helium (4) to the 
atom of oxygen (16), It seemed to him, therefore, that under nimlo- 
gotis conditions sulphur would lend to argon and selenium to crypt on. 

Here, as well, the question should be taken up again. Its breadth, 
perhaps,surpasses that of all the others. Ramsay will have the honor 
of haring opened up the new field, thanks to his incomparable talent 
in experimentation, os well as to his boldness and the independence uf 
hb scientific conceptions. 

These are,in fact, Ramsay’s most pronounced characteristics They 
are shown again, and in a most brilliant manner, in another work on 
the radium emanation which he carried out in 1910 with tbr 
anre of WJKbw Gray. Adding to the theory of mS^SS, 
the atom of emanation results from the loss of a helium atom by an 
atom of radium, f the atomic weight of radium is m and that of 
hclmm 4 the weight of un item of emanation ought theoretically to 
lie m. Emanation, whose resistance to all combination had more¬ 
over, been shown, came thus to occupy in the column of hire gbses in 
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the peri ml if system the place predicted for a houiolog of xenon. 
Ramsay wished to prove this by experiment* And what im experi¬ 
ment ! The volume of emanation at his disposal at any one time 
never exceeded five one-thousandths of a cubic millimeter (much 
less than the smallest bead of a pin}, and to determine the atomic 
weight it was necessary to weigh this: infinitesimal volume of pus, 
A modification of the ndcrolm lance of -Steel and Grant was con¬ 
structed, whose sensitiveness attained _*overuI milliontlis of a milli¬ 
gram. The skill shown in preparing, purifying, and weighing the 
minute quantities of emu nation was truly wonderful; and it wm thia 
work more than all the others which showed Ramsay's marvelous ex¬ 
perimental talent. The result justified the effort. The mean of Jive 
determinations gave the numl>er 223 for the atomic weight of radium 
emanation, A full and complete verification of the theoretical pre¬ 
dictions, which Debierne also confirmed by an entirely different 
method (diffusion) 

The brilliance of his work had brought to Ramsay the highest die- 
fi net Ions not only in htn own country but nil over the world* 
Academies and learned societies hastened to open their ranks to him. 
Our Academy of Sciences, which had elected him a correspondent in 
Ifiur*, named him an associate in 1910, He was also an associate mem¬ 
ber of our Academy of Medicine- In the year 19* >4, the Academy of 
Stockholm awarded him the Noliel prize in chemistry. 

One of the characteristic traits of Ramsay's personality wns his 
enthusiasm, which he communicated to all those who worked under 
his direction* and the impression which he produced on his students, 
even, during a very brief contact, remained ineffaceable. Friendly 
and patient with all, to “do well/' according to bin own express ton, 
was all that was necessary to become his friend. 

Ramsay was a remarkable teacher with on elegant and picturesque 
manner of expressing himself, impulsive, clear, concise, ami with the 
groat charm of simplicity. In his lessons he did not hesitate at times 
to use the most advanced teachings: he was the first in Ii-rigJaud to 
introduce the works of Raonlt, Arrhenius, and "V on*t Hoff. 

Everything which Jives is in a progress of evolution. The real 
life of an experimentrd science like chemistry is in progress and 
discovery. On this subject, Ramsay was of the opinion that he 
wanted original research to occupy early as great a place ns possible 
In the work of a student He distrusted ex and nations such as are 
usually held to judge candidates, which were too often dependent 
on chance. He feared especially that they might result in unjust 
and unfortunate eliminations capable of discouraging a student in 
his choice of a vocation. The professor who has? followed the 
student during several years in the course and especially in the labor- 
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niorv seemed to him to be letter fitted than anyone to appreciate 
Lis true value Ramsay al ways fora fully maintained tlte.se ideas 
and their logical consequences* The fact i% although, to be sure, 
other factors enter into it, that the future of science depends in a 
Surge part, on the scientific aptitude of those who cultivate it. The 
choice of future scholars—and by this word we mean principally 
the future masters* the future leaders—takes on* then, a capita] im¬ 
portance* Great then is the responsibility of those who have charge 
of making this necessary selection. They ought io realize the essen¬ 
tial fact that knowledge is good hut power is bettor. Far be it from 
us indeed to deny the utility of much learning* of being well posted, 
in every subject* as are the very learned: but this would be sterile 
and encumbering from the point of view of original roseareh* solo 
source of progress* if there were lacking to exploit it a clear intellect, 
a sure judgment, and that ensemble of qualities which constitutes 
what is called “esprit de finesse.' 7 The true scholar, the real origi¬ 
nator of scientific progress? is not the one who knows* it is the one who 
arts who creates. “Better/' Montaigne has Said, 44 a good bruin 
than a full brain/' The former h nn that which h called potentiality, 
hitLjjt force* virtual power, productive, and creative energy* which 
allows it on omi^iona to accomplish original work: the latter, in 
the td^onoe of these necessary gifts* would have access only to the 
domains already largely explored, where it would* however* still be 
able to do Useful work. Both have their places to fill; but the gen¬ 
eral welfare as well as the interest of the specialist demands that 
each be m hh place—' 1 the right man in the right place,* To keep 
this ideal in view ought to Ijo the constant thought of those on whom 
has devolved the difficult role of a rid ter?;. 

In our time of general reorganization, when ail institutions and 
all methods are undergoing revision* it m to lie regretted that the 
great voice of Ramsay is not more listened to in this important 
matter of teaching. 

Ramsay wrote but few didactic works. His little treat Ue on 
u Modern Chemistry,” which has been translated into French* is a 
brief but substantial account of the principles of chemical philos¬ 
ophy. The same qualities are found in the highest degree in all 
Ramsay s writings. They are noted especially in several disserta¬ 
tion# in which he developed his own Ideas, and whose titles alone 
are enough to indicate their originality: “The Electron Considered 
as an Element,” “ Element and Energy,” 44 Helium in Nature,* 44 Prob¬ 
lems Presented by Inorganic Chemistry,” etc. 

Ramsay was a polyglot and spoke fluently French and German. 
At the International Congress of Applied Chemistry held in Rome 
in 1&0« he gave in French a lecture on “The Purification of Dram 
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Water” a subject fpr enough away fruui the mutters of pure science 
with which he was Huppceed to be entirely occupied. 

He came willingly into our country. He lured it and counted 
there many friends who have many charming letters from him full 
of a natural simplicity. We have also the remembrance of the excel¬ 
lent lectures which he gave here on his discoveries. 

Before the war ha had also many connections in Germany and 
was there the object of many fluttering attentions. Daring the cele¬ 
bration of the centenary of the University of Berlin in 11U'» the 
delegates of the universities of the whole world were invited for 
the principal ceremony. Hammy represented the University of 
London. When the Kaiser entered the room with his whole fol¬ 
lowing, having perceived Ramsay, he stopped tho cortege and went 
out of his way to take hb hand* 

“The soul "of Ramsay,” our colleague, Paul Sabatier. wrote m a 
lxMiutiful study which he has consecrated to him, “the soul of 
Ramsay could not be conquered by such homage, and in many cir¬ 
cumstances before the war where 1 have been able to see him from 
near bv, I have been sure of his deep distrust of Germany ind of 
it* inordinate ambitions.” This testimony con be completed by the 
well-known fact that Ramsay was one of the most resolute partisans 


of the w Entente Cordiale.” 

German science, which he had seen at first hand, hud never im¬ 
pressed him, and lie passed on it the severest judgment, In the hue 
response which he addressed in October, 1&14, to tlm manlfete of 
93 German scholars^ these lines ure found- ,e ^ 

man individuals have attained the highest summit* and merit uni- 
versa] admiration. But in spite of those brilliant exceptions, it can 
he Said that originality fins never been the characteristic «f the Ger¬ 
man race; their special function lias been to exploit inventions and 
to put to work the discoveries of others • * *5 and further, 

facing the necessary hypothesis of the complete destruction which 
the German power ought to suffer for the security of the world he 
added - “* * * Would the progress of science he retarded f I 
do not think so. The greatest works in scientific thought are not 
duo to representatives of the Germanic race; moreover, the early ap¬ 
plications of science do not come from them. As far as we are able 
to perceive, it seems that a restrictive measure on their activities 
would only have the effect of delivering the world from a deluge 
of mediocrities.” At the beginning of the war, during the tragic 
fluys of 1914 Fa mai v was at Havre, where he attended with Lady 
Ramsay and his son the congress of the French Association for the 
Advancement of Science, presided over by M- Aiwnd Gautier. Ho 
delivered a discourse at the opening session and was present at the 
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6rst session of the section of chemistry. But, visibly, his thought 
was absent. Hie news became each day more a! arm mg. After 
W eflnesduy. the 29th, when ho perceived war imminent, as fixed in 
the criminal plan of Germany, be was not Been again at the Congress. 

Ramsay saw immediately all the import and how much was at 
stake in the formidable conflict. Civilization, once more in a struggle 
with barbarity, had to repulse the moot redoubtable assault she had 
ever withstood. It wsis necessary to conquer or submit to enslave¬ 
ment* 

h j'om the beginning of hostilities, Ramsay * with his ardent putri- 
otknw threw himself into the conflict. He fought with all the means 
in his power, through research in the InWratory and through his 
original suggestions. b\' pen and word, which he made the auxiliaries 
uf his most indisputable authority. Of him also could be employed 
the famous phrase, K Je fais la guerre/* It was through Ins persever- 
iug efforts chiefly that cotton was, too late perfuips, declared contra- 
l*nd of war. He died in full activity, 69 years old, while Ills genius 
was till I so rich in promise for science and for humanity, brought 
down by an incurable disease that earned him off in a few months. 
Our unanimous regret is that the great joy was not given him of 
assisting in the complete victory of the Allies, a victory which he 
believed in implicitly, and also with all the ardor of his faith m the 
destinies of our immortal countries, and in the final triumph of 
morality over crime, of incoijtestihle right over brute force. 

The prematuro death of Ramsay is for science an irreparable loss. 
In his loss a powerful beacon light is extinguished. This great In- 
■instigator explored chemistry as a conqueror^ and the progress which 
it owes to him are the strides of u giant. Ramsay served, anil was an 
honor to humanity * and he has brought to his native land incom¬ 
parable renown. He was great not only in his genius and scientilk 
enthusiasm, but also in the elevation of his sou), absorbed in the ideal, 
and in the greatness of his character. lie will live in the memory uf 
mankind, and posterity will keep aloft the name of Bamsav. 
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